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The E.M.I. OSCILLOSCOPE 
TYPE WM16 is a wide-band, highly 
sensitive instrument of great 
flexibility and range. It has 
outstandingly high performance, ! 


yet is considerably cheaper than 
others in the same class. Compact 
and convenient to operate, the 
WMl16 makes use of plug-in units 
to increase its flexibility and 


ease of maintenance 


UNMATCHED FOR PERFORMANCE AND PRICE 


MAIN CHARACTERISTICS OF THE 
E.M.1. OSCILLOSCOPE TYPE WM16 


Bandwidth DC-40 Mc/s 


Mazrimum sensitivity 
50 mV/cm at full bandwidth 


Time Base Sweep Speed 

20 musecs/cm-0.5 secs/cm 

Time Base Delay 1ys/ - 0.15 secs 
Measuring Accuracy + 3 
Signal Delay 0.2 y secs 


Plug-in Units 

These include: Wide band, Dual 
trace, High gain and Differential 
amplifier units 


Write for our illustrated literature to: 


E.M.I. ELECTRONICS LTD 


INSTRUMENT DIVISION - HAYES - MIDDLESEX 
TEL: SOUTHALL 2466, EXT. 2223 
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THE DESIGN AND MANUFACTURE OF 


VACUUM EQUIPMENT 


VACUUM OVENS - DEPOSITING - SPUTTERING - VALVE PUMPING - C.R.T., etc. 


Single position Vacuum Oven. Temp. 
0-300°C Vacuum range 10°* double ended 
for fitting in glove box. 


Single position 
C.R.T. Pumping 
Unit complete 
with vacuum 


3-position Oven complete with glove box, 
reading, auto- 


all vacuum equipment, temperature con- 


trollers, safety device, etc. matic controls, 


electric seal-off 
etc. 





ALUMINISING 
UNIT 


Press-button 
automatic firing 
of filament on 
reaching re- Indicating 
quired vacuum. lights on all 
Safety device 
automatic § cut- 
i out if no 
Automatic Rotary final exhaust machine for F annie. 
C.R.T. complete with oven, air circulation, 
automatic temperature controls, etc. 


e switches includ- 
ing fuses all 
visible on front 
panel. 
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Rapid, 
high-quality 


photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes a 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a 
g as P 4 @ Exposure, development and print 
new position at any time. delivery synchronized for simplicity 
of operation. 
®@ All controls conveniently located for 
rapid, effortless adjustment. 
Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 
Complete design co-ordinated for 
exceptionally high potential output. 
Excellent mechanical layout giving 
silent, vibrationless running. 
@ Comprehensive maintenance service 
available at nominal cost. 
Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 


Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 


Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD Reezrcre. 


PHOTOPRINTING MACHINES & MATERIALS 








Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPT.AZI18G 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 
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CONSISTENT ACCURACY 


Chart above shows range of values and best tolerances available 


FOR RELIABILITY AND STABILITY Top chart shows | watt range and lower chart hal and quarter watt range. 
A 


_- ECIFY ALMA TYPE ‘S’ 
Temperature Coefficient guaranteed better than ‘ 
0°002% per °C. A folder containing full technical The chart above shows at a glance the range of resistance and best tolerances over 
details of the range of ALMA resistors can be which the Type ‘S’ Resistors are available. These types have been thoroughly life 


obtained on application. 


tested over a period of years and a long term stability of better than +- 0.01% 
is now guaranteed. Temperature coefficients can be matched by laboratory measure- 


ment to meet rigid requirements; over limited temperature ranges a figure of 
COMPONENTS better than + 0.001% per °C can be achieved. 


LIMITED 551 Holloway Road, London, N.I9 Telephone: Archway 0014/5 
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Miniature 
Electronic Components 


I.E.A. Exhibition 
Olympia 
STAND S.865 AMPLIFIERS 


ARDENTE ACOUSTI LABORATORIES LTD 
8-12 MINERVA ROAD : LONDON : NWI! Phone: ELGAR 3923 (6 lines) Telegrams: MAILER LONDON 


POTENTIOMETERS 


ARIAT Acero 
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“Well-I'd say: 

‘call in these 
Whitecroft 
_ people....’ 


99 

















When it’s a question of 


The punctual supply—in large quantities—of Component 
Parts for the Radio, Television and Electronic Industries 
is our province. 

We specialise in all types of Wire Forming and Coiling and 
manufacture amongst our many lines Capacitor and 
Resistor Wires, Connecting Wires, Plug and Socket 
Contacts, Grid Wires, Anode Tabs and Pointer Arms, we 
are prepared to quote to any specification. 

Our long association with all the leading manufacturers in 
the Electronic Industries is our best reference and our 
experience in this highly specialised field enables us to 
offer a service unrivalled anywhere in Britain. 

WHY NOT GET IN TOUCH WITH WHITECROFT 
TODAY! 


component parts 


THE WHITECROFT PIN MANUFACTURING COMPANY LIMITED 
Whitecroft, Gloucestershire. Telephone: 300, 308, 309. Telegrams: Pinco, Lydney. 
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GRESHAM 10 TRACK DIGITAL HEADS, 
ONE OF 63 STANDARD GRESHAM TYPES. 



































TYPE A/25/10/RP 


Number of tracks 10 
Track width 0-025” 
Track spacing between centres 4'10-0982” 
Height of head 0-75” 
Width of head 0-70” 
Depth of head over terminal 1-30” 
Resistance (2 coils in series) 16 ohms. 


Inductance (2 coils in series) 12 mH 
Saturation recording (pulse) current 5 mA. 

(2 coils in series) p. to p. 
Playback voltage from Saturation 


recording at 10 kc/s at 30 ins./sec. 6 mV, 
(2 coils in series) p. to p. 





GRESHAM DEVELOPMENTS LIMITED 
THIRLESTANE HOUSE - 195 UXBRIDGE RD. - HAMPTON HILL - MIDDLESEX 


BN 
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Printed 
Circuit 
Counter 
Panels 


50kc/s Scaler 


1Mc/s Scaler 
A complete range of transistorized counter 


f ; Input Amplifier 
panels of common size, fixing method 


. ‘ . ‘ Gate Unit 
and electrical connexion, designed to provide 


j 10k ill 
a flexible unit system c/s Oscillator 


whereby any special requirements acatmiaiiaateeened 


in the counting or data processing fields Power Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 


A fully illustrated brochure giving 6 Ghannet Qutout Vat 


complete performance and 
P P _ Read-out Unit 


specification figures for ' 
Meter Display Unit 


every panel in the range is , 

Lamp Display Unit 
available on request. 

Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


CINTEL RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 





Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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DIRECT DEHUMIDIFIERS 


FOR AIR CONDITIONING 





A situation like this in your factory is unthinkable—but it is the hidden moisture, 
of which you are often unaware, that threatens the quality of your product and the 
efficiency of its manufacture. Moisture costs money as it slows down production, 
causes deterioration in quality and increases plant maintenance. Birlec Direct De- 
humidifiers—simple, reliable, and economical—can put a stop to all this, They are 
already maintaining very low humidities for the manufacture of transistors, computers, 
radar sets, cathode ray tubes, etc. , 








AEI-Birlec Limited 











TYBURN ROAD + ERDINGTON <+ BIRMINGHAM 24. ~-  Tel.: EASt 1544 
LONDON + SHEFFIELD + NEWCASTLE-ON-TYNE + GLASGOW + CARDIFF. 


JUNE 1960 ELECTRONIC ENGINEERING 





EE 22010 for further details 


“ ae 


Printed ae 
Circuit eg: Je.9 Mad Aly. 410K 
Counter 


Panels 


50kc/s Scaler 


1Mc/s Scaler 
A complete range of transistorized counter 


: ; Input Amplifier 
panels of common size, fixing method 


, s : ‘ Gate Unit 
and electrical connexion, designed to provide 


, , 7 
a flexible unit system Oke/s Oscillator 


whereby any special requirements a 


in the counting or data processing fields Power Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 


A fully illustrated brochure giving © iennndt Muteut Volk 


complete performan n 
P P ance and Read-out Unit 


specification figures for ; 
Meter Display Unit 


every panel in the range is : 

Lamp Display Unit 
available on request. 

Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


es ae ws! RANK CINTEL LIMITED 
Worsley Bridge Road - London: SE 26 
HiTher Green 4600 





Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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DIRECT DEHUMIDIFIERS 


FOR AIR CONDITIONING 


waterlogged ? 





A situation like this in your factory is unthinkable—but it is the hidden moisture, 
of which you are often unaware, that threatens the quality of your product and the 
efficiency of its manufacture. Moisture costs money as it slows down production, 
causes deterioration in quality and increases plant maintenance. Birlec Direct De- 
humidifiers—simple, reliable, and economical—can put a stop to all this. They are 
already maintaining very low humidities for the manufacture of transistors, computers, 
radar sets, cathode ray tubes, etc. , 








AEI-Birlec Limited 











TYBURN ROAD «+ ERDINGTON -:_ BIRMINGHAM 24. ~- Tel.: EASt 1544 
LONDON <- SHEFFIELD + NEWCASTLE-ON-TYNE + GLASGOW + CARDIFF. 


JUNE 1960 ELECTRONIC ENGINEERING 





EE 22 012 for further details 





























Al.D. APPROVED 


ELECTRONIC ENGINEERING JUNE 1960 





EE 22013 for further details 


le 
t 


Erance 


Wherever applications demand great accuracy, 
stability and low temperature co-efficient, you can 
specify Rivlin Resistors with confidence. 

They are not only backed by specialist 

knowledge and research facilities, but also by 
tried and proven manufacturing techniques. 


Standard types are supplied to any tolerance up to +0.1% 
of the nominal value, or as low as 0.01% for special types. 
Whatever the need, whether standard, printed circuit or 
socket-mounted types, discriminating designers the world 
over think first of Rivlin—the precision resistor specialists. 


RIVLIN 


HIGH PRecision RESISTORS 


RIVLIN INSTRUMENTS LIMITED 


DOMAN ROAD + CAMBERLEY SURREY + Tel: CAMBERLEY 2507 8 - Grams: RIVLECTRON, CAMBERLEY 
LONDON OFFICE. Tel: SWISS COTTAGE 3038 
GD.10 
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The future 


is linked to 


en ee 


Industry stands on the threshold of 
a new era, with progress in 
electronics and nucleonics opening 
up limitless possibilities of process 
operation and production control. 
To the designers and manu- 
facturers of the essential equipment, Bribond offers 
specialised production of printed circuits for any form 
of component assembly. 
As pioneers of plastic lamination and experimental 
research in precision circuit printing, Bribond now have 
many advantages which linked to modern line production 
methods result in unsurpassed delivery service and 
reliability. Further, the Bribond prototype department 


can produce the initial circuit from which final production 


BIR | 


can be planned, within 48 hours or less if a clean circuit 
image is supplied for reproduction. 

Bribond manufacture all forms of the printed circuit: 
gold, silver or rhodium plating, double-sided circuits, 
flexible circuits, flush circuits, resistance and magnetic 
circuits. Component notation, chemical milling and all 
forms of subsequent machining operations can be 
undertaken. 

Your enquiries are invited. Your circuit problems, 
too, are welcomed especially if they pose a challenge 
that may call for the use of special techniques for their 
Bribond offer design 


and drawing office facilities. 


solution. 


Full details and samples are avail- 


able on request. 


Pic 





BON ID PRINTED CIRCUITS 


for Radio, Telecommunications, Electronics, Nucleonics 





BRIBOND LTD., BURGESS HILL, SUSSEX Telephone: Burgess Hill 85611 
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luminescents 


ODIX - 


in any desired colour 


CATHODIX C 200 
C 300 


10.000 
with the best | brilliance 
adhesion 


granulometry 


UPSIL Ltd 


A Pechiney - Uclaf Company Marshgate Lane - Stratford - London E. 15 
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A RANGE OF TRANSISTORISED 


with these features 





* FOUR TERMINAL NETWORK 


nominally zero impedance at your circuit. Resistance 
of interconnecting leads automatically eliminated. 


OVERLOAD PROTECTION 


latching relay ensures unit cut out on overload. 
Fuses protect unit against component failure. 


TIO Ti03 


LOW TEMPERATURE RISE Output: O-50V, 1A 0-30V, 1A 


exclusive use of C core transformers. 134° x 9” x 92° high 


METERS 
grade | E. TURNER ammeter and voltmeter. 


WORKMANSHIP 
to highest standards, ROBAND standards. 


PERFORMANCE 
IMPEDANCE: 
RIPPLE: 


OUTPUT VARIATION: Less : 
than | part in 1200 for 7% mains change. $23333 MODEL Ti02 T105 
iii: Output: 0-20V, 2A o.Sov. 2A 
MAINS 200/250V. A.C. (1ISV models available) 3:3: Weight: nes” ~Seaa 
335355 Price: £100 £118 


* Not applicable to sub-units. 


ALL PRICES EX-WORKS 





PLEASE NOTE OUR 


NEW ADDRESS AND 


23: MODEL Ti04 0-30/0-30V, each section IA. 
TELEPHON BRE Size: 16§” x 8” x 10)” high 

E NUMB Weight: 354 Ibs. 
Price: £129 
Basically a centre tapped D.C. supply with 
independent controls. 














NS 
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REGULATED SUPPLIES... 





MODEL TIOO 25V max at IA. 333533 MODEL TI06 0-100V, IA. 
Size: 7}° x 4” x 53)” high : Size: 213° x 13° x 112° hi 
Weight: 5 Ibs. oeesss —— 1y x PY panel) 
Price: o3isss Weight: Ibs. 

: : Price: £149 








MODEL TI08 50V max at IA. $ : MODEL TIO7 0-100V, 2A. 
Size: By" x 5h’ x 6)" high 33333 Sizes 24 x 13" x NNR" hi 
Weight: 8 Ibs. gocees (Standard 19 x of pane!) 
Price: £55 Sosses : 60 Ibs. 

° ° £ 








Also: A RANGE OF FIXED AND 
VARIABLE STABILISED SUPPLIES UP 
TO 500 Vv 

And: A RANGE OF R.F. STABILISED 
SUPPLIES UP TO 50 K.V. 


ROBAND 


a ELECTRONICS LIMITED 
— —< Beulah Works - Beulah Road 
oa 8 cs Thornton Heath - Surrey 

@ 7100/24 is omy iA a Oe 


ceadity ettered to eny fined velhage withia theres Telephone: LIVingstone 6606/7/8 








a 
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A COMPLETE RANGE OF VACUUM TUBE REGULATED SUPPLIES 


WITH THESE FEATURES .... 
FREQUENCY RESPONSE—compiete stability from | ¢.p.s. to beyond 


100 k.c.s. 


STABILITY —uaranteed for + 10% mains variation—double triode 
difference amplifiers ensure freedom from drift. 


LIFE—<conservatively rated components ensure long life. 


IMPEDANCE—a preset potentiometer allows for smooth impedance 
adjustment from positive to negative values. 


MAINS—200/250 V.A.C. (115V models available). 
FRONT PANEL UNITS—fitted with Plessey Mark IV or Films & 


Equipment Jones type plugs & sockets. Please state preference. 


| AMP UNIT 





Model 


D.C. Output 





Volts 


| Current 


A.C. Outputs 


Effective 
Resistance 


Voltage 
Stability 


Price 
Ex-works 





OPEN CHASSIS UNITS 





M23 


+150V 


0-50mA 


6.3V2A & 6.3VIA 


<0.1Q 


<0.02% 





M23A 





+200V 





o. 23s 
MI4A 


+250V 


0-50mA 


6.3V2A & 6.3VIA 


<0.1.2 


<0.02% 





0-50mA 


6.3V2A & 6.3V1A | 


<0.12 





+ 100V 


0-100mA 


2x 6.3V3A C.T. 


<1I0Q 


<0.02% 
<0.02% 





M24 


+ 150V 


0-100mA 


2x 6.3V3A C.T. 


<0.1.2 


aan 0.02% 





M24A 
M34 
M34A 


_+200V 
+250V 


+3000 


0-100mA 


2x 6.3V3A ©.T. 


<0.1.0 


<0.02% 


6 x 54° x 5H he. 
6” x 5§” x 5}” ht. 


| 6x 5" x SP” he. 


LO X7" x64" he. 
7)" x 6" x 63” ht. 


£30-0-0 
~ £30-0-0 
~ £27-10-0 | 
~ £63-0-0 
~ £33-10-0 © 





Ty" Px 6} hit. 





2x 6.3V3A C.T. 


~2x6.3V3A C.T. 





i. ae 
~M25A 
M35 


+150V 


~ +200V | 





<0.10 


<0.02% 


74" x 6)" x 64" ht. 


_ £33-10-0 — 
£33-10-0 





<0.1.Q 


<0.02% 





2x 6.3V3A C.T. 





~ 2x 6.3V3A C.T. 





+250V 





2x 6.3V3A C.T. 





M35A 

M26SA _ 

M36S 
~M36SA | 
~M26A 


+300V 


~~ +200V__ | 0-500mA_ 


2x6.3V3A CT. 
2x 6.3V5A C.T. 


<0.! 7 
<0.10 


=0.02% 





<0.02%, 


74° x 63" x 6h" ht. 


BR" x 84” x 67” ht. 


~ £33-10-0 
£52-10-0 





BY’ x By" x 6P" he. 





<0.10Q 


<0.02% 


82” x 84" x 62" he. 


6-10-09 
£52-10-0 





<0.1Q 
<0.102 


<0.02% 





<0.02%, 





8}” x 84” x 63” ht. 


£52-10-0 








14” x 114” x 8” ht. 





+250V 


2x6.3V5A C.T. 





__ +300V 
+200V 





= Sa 
M38A 


+250V" | 


2x 6.3V5A C.T. 





__+300V_ | 


". 226A CT. 


2x6.3V5A C.T. 





2x 6.3V5A C.T. 





<0.10 
<0.1.Q 


<0.02% 





14” x 114" x 8” ht. 





<0.02%, 








<0.1Q 
<0.1 0 
<0.12 


=<0.02%, 
=0.02%, 


14” x 119" x 8" he. 





“134” x 82” x 67” ht. 


“134” x 83" x 67” he. 





<0.02% 


134” x 8)" 67" he. | 





19 in. FRONT PANEL UNITS 





M26A 


~M37A 


59 
~ M39A 








ae —|—3 
~ MA | + 
MWA | 
a ts 


M29A z Ee: 


__0-500mA_ 
0-500mA 


[| _0-500mA 
0-1.0A 


2 2xGVA cy. 


"2A CT. 


2x 6.3V5A C.T. 
2x 6.3VSA C.T. 


2x6.3V5A C.T. 





2 _ 0-1 0A 





~ | 2xK63VSA CT. 


[2x 6.3VSA CT. 
_ 2x 6.3V5A > 
2x6.3V5A C.T. 








<0.1.Q 


<0.02%, 





~ <0.12 





 <0.02%, 





<0.1o 
<0.1Q 


| =0.02%, 
<0.02% 





_<0.1 0” 
<0.1.Q 


~ <0.02% 


=<0.02% |< 


17x 12x BP" ht. 

AY x 12" 8)" hee 
19x 12° BY" he. 
19 x 159" x BY" he. 
19° x 153" x 89" he. 





19 x 153” x 83” he. 





<0.1.0 


<0.02% 





~ <0.12 


<0.02%, 





<0.1.2 





<0.02%, 


19 x 18” x 104” he. 





“19 x 18” x 104” he. 











19" x 187 x 104" he. 











MI4A UNIT 


MADE AND GUARANTEED BY 


ROBAND 


ELECTRONICS LIMITED 


Telephone: LiVingstone 6606/7/8 
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INDIVIDUAL CALIBRATION 


OF HEARING AIDS IN LESS THAN 10 SECONDS 





By means of the HEARING AID TEST BOX TYPE 4212 the 
frequency characteristic of all types of hearing aids and 
small microphones is quickly and accurately measured under 
approx. free field conditions 

The Test Box can be used over a frequency range from 
150 c/s to 5000 c/s, and features a built-in 8 Watt loud- 
speaker, a regulating precision microphone, and an artificial 
ear. Any sound pressure level from 50 db to 90 db can be 
used for the measurement. 

The Test Box is supplied with a standard 2 cc coupler for 
measurements on hearing aids with built-in earphone (e. g. 
hearing aid spectacles) as well as on normal earphones in 
accordance with the ASA standard 2Z.24,9. 

The artificial ear may also be used in connection with a 6 
cc standard coupler for audiometer testing. 

















Brie! & Kiar ‘ 7 : 7 Bribe! 6 Hee 


= Be 2s & 9 — a 7 yen ce ames yd 2)" 91° 
has 


ame Aditone 600 as eee +—+ —+ +t 4 Socess: { Ha elena 
input 60db re 0,0002ybor 
Output In 2cm? coupler 
Vol. max 
Tone 
Tube: 45mm. #12 











The Hearing Aid Test Box Type 4212 in connection with one of the B&K 
Phone or recording equipments makes it possible to record automatically the com- 
write plete frequency characteristic of a hearing aid on preprinted frequency 
for further calibrated paper in less than 10 sec. In this way each hearing aid can be 


information supplied with its own individually recorded frequency characteristic with 








an almost negligible increase in the production costs. 








Adr.: NARUM, DENMARK - Teleph.: NAARUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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READ-OUT 


breakthrough au 


THE FIRST ALL TRANSISTORIZED ANALOG COMPUTER 


basic model less than $4000 f.o.b. New York 


This compact unit, 15” x 16” x 24” high, can provide day-in 
day-out sastant solution of your most vexing engineering pro- 
blems. Even if you have never seen a computer before, you can 
learn to operate the TR-10 as easily as you learned to use a slide 
rule. 

Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of the 
effect of each change. You can study the inter-related effects of 
heat, pressure, flow, vibration, torque or any variable, and visu- 
ally compare one with the other. Engineering data comes alive- 
insight into how new designs will work is obtained easier, faster. 

The compactness, low power consumption and low voltage 
levels of the TR-10 make it the ideal nucleus for on-line computers 


FOR COMPLETE ENGINEERING DATA ON TR-10 OR THE 





° 
for process control applications. More time is available for creative 
engineering. New ideas that were too costly to try before are now 
praticable. 

You can design virtually to perfection and have a perma « 
nent, visual record of performance before building pilot mod- 
els or prototypes. As a result, “cut and try” expense is reduced. 

The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of precision 
general purpose analog computers will be found in this new 
unit. Accuracy to +01 per cent. Modular construction allows you 
to select varying quantities of the following computing functions : 
summation, integration, multiplication or division, function gener- 
ation, parameter adjustment, logical comparison. 


LARGER PACE 231R COMPUTERS WRITE OR PHONE 


PRODUCERS OF 


ELECTRONIC ASSOCIATES INC. 43, rve de la Science, Brussels 4 - Belgium 

EUROPEAN DIVISION Tel. Brussels 11.43.69. - Telex 02-106 Pacebelg Bru ‘ * 
ee ee ee ee 
ELECTRONIC ASSOCIATES LTD. Victoria Rood - Burgess Hill - Sussex - Englond ANALOG compureas 


WORKS AND HEAD OFFICE 


ELECTRONIC ENGINEERING 


Tel. Burgess Hill 26.36. - Telex 8750 Pace Burgesshi 


JUNE 1960 





EE 2202! for further details 


ACCENT ON ACCURACY 


In this age of complex demands, the inspiration of the electronics engineer must 
be matched by the skill of component manufacturers. As tolerances are reduced 
so, more often than not, is the available space. At the same time complete 
reliability is more important than ever before. So far at least as transformers are 


concerned, this challenge is met consistently by Triad. 


Write now for your copy of the Triad Catalogue 

The current Triad catalogue lists, for instance, ‘geoformers’ with 135 dB hum 
reduction and transistor transformers occupying one-twentieth of a cubic inch... 
with some 1,200 other standard types of transformers and chokes to keep them 


company. 


tl 
~ 


TRIAD-—TRANSFORMERS FOR TODAY 


"Westrex Company Limited [A 


COLES GREEN ROAD LONDON NW2* TELEPHONE GLADSTONE 5401/8 


*The Triad Transformer Corporation and the Westrex Company Limited are divisions of Litton Industries 
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AUTOMATION is nothing new at Hawker Siddeley. Control 
systems pioneered and tested in aircraft and missile manufacture, 
coupled with extensive experience in the many other industries 
which comprise the Hawker Siddeley complex, cover all the 
basic techniques of measurement, metering and communications. 
Leadership in electronics gives Hawker Siddeley unique under- 
standing of data processing and recording. Immense experience 
in electrical and mechanical engineering, hydraulics and pneu- 
matics provides Hawker Siddeley with the know-how to apply 
control equipment in all types of plant. 

If you are interested in Automation, as it applies to your own 
plant or your own industry, may we suggest you call in Hawker 


Siddeley. Use their experience to solve your problems. 


Stand No. L 508, 1.E.A. Exhibition, Olympia, May 23-28. 


sf HAWKER SIDDELEY GROUP 


18 St. James’s Square, London, S.W.1. 


JUNE 1960 ELECTRONIC ENGINEERING 





EE 22024 for further details 


Gwe Centuries of Precious Metals 


‘‘Over the past 200 years we have 
developed a service in precious metals 
to Industry throughout the World. 


Our skill and experience is at your disposal, 
4 760-1960 whether it be for silver solders and 
brazing alloys, electrical contacts and 
contact materials or precious metals 
in any form to meet today’s 
ever increasing requirements. 


Our technical representatives 
are always available to discuss 
your particular requirements.”’ 


HEFPFIELD SMELTING 


COMPANY LIMITED 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
ALSO AT LONDON AND BIRMINGHAM. 
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Cl switching transistors 
for computers 

















TWO WAY 
Pymax. 


hee measured at f, Vee Tjunc.| ” at 
Description Vo Ic Typ. . Max. Max. | 25°C 
Min. | Typ. , Max. | (V) = (mA) Me/s (V) | (C) | (mW) 


with excellent switching per- 915 35 95 -0.15 -100 
formance at relatively high 

collector currents, having low 

saturation resistance. 


Similar to the TK20 but with a 125 -0.15 -100 
higher cut-off frequency. 125 -0.15 -100 


Bi-directional p-n-p transistor 15 | 35 95 -0.15 -100 6.0 -12 | 75 | 200 


11 











WAY 




















SUMMARY 

OF OTHER STC 
INDUSTRIAL 
TRANSISTORS 


COMPONENTS 
Group 


60/2MK 
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| 4 measured at f,, Voce Tune. —_ 
Description Vo 'g Typ. Max. | Max. Max. 9596 


Typ. Max. | (V) (mA) Mc/s (VY) | (0) | (mw) 
'*.25| 75 | 200 


Uni-directional p-n-p transistor +25 «+46 — -01 -30) — 
Tc = 0°03 25 (at Ic =-15 mA) 
Ts = 15us 


A transistor with excellent 20 40 85 -45 -10) 6.0 | -10 
| 


| 75 | 200 
switching performance and 
very low saturation resistance 
Similar to the TK30 but with a 20 60 -4-5 -10) 11 | -20 | -6 | 75 | 200 
higher cut-off frequency 


i 








+ NEE quoted instead of 8 "| Inverse Reverse bias emitter junction 





Germanium transistor for general purpose LF telephone and 
telegraph carrier systems TK23 


For amplifiers and oscillators (audio and higher frequencies) TK40, = TK41—s« TKA2 


Silicon alloy junction transistors for amplifying, switching and control 
in extremes of ambient temperature TK70, = TK71.)—s« TK72 


Data sheets and further information gladly sent on request. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, 63 Aldwych, London, W.C.2. 


TRANSISTOR DIVISION: FOOTSCRAY , SIDCUP . KENT 
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Flash Tester 
00 - 2000V A.C. 
£26.0.0 


D.C. Power Supply 
1-12V 1 Amp. 
£40.0.0 


Ohmmeter 
100 - 10,000M0Q 
£52.10.0 


R.C.C. Bridge 
5 pf - son uf 52 - s0oMO 


£30.0.0 Sensitive Valve Voltmeter 


3mV - 300V. 40 c/s - 500 kc/s 
£49.10.0 





| NASHTON / 





precision measuring equipment 
a pe means accurate economic buying 


0.1 - 1000 volts . u ‘ 
0.01 - 100A These six models are a selection from the wide range of 


— NASHTON miniaturized electronic test instruments available 
for immediate delivery. Designed by Nash & Thomson to 
meet your everyday needs accurately, efficiently and 
economically, NASHTON units are compact, modern, stream- 
lined, easy to read and operate. NASHTON give you what 
you need most—functional efficiency, not frills. 

Others in the range include the Sensitive Valve Voltmeter, 
Universal D.C. Meter, L.F. Quadrature Oscillator, 0.5 amp. 
Stabilised D.C. Power Supply, Transistor Tester, Shorted 
Turn Detector, Digital Read-Out Meter, Preferred Value 
Resistance and Capacitance Boxes. 


Write or telephone for full specifications 


Nash and Thompson... 


Hook Rise, Tolworth, Surbiton, Surrey. Tel: ELMbridge 5252 


ISP 5692 
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magnetic characteristics 


with STC 
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PERMALLOY ‘C’ 

for highest initial permeability, useful 
for wide-band frequency transformers, 
current transformers, chokes, relays 
and magnetic shielding. 


PERMALLOY ‘B’ 

has lower initial permeability than 
Permalloy ‘C’ but has a higher value 
of flux density. It is suitable for use 
where high permeability to an 
alternating field superimposed upon 
a steady polarising field is required. 


PERMALLOY ‘D’ 

for very high resistivity without 
undue lowering of the maximum flux 
density. Variation of permeability 
with frequency is small. Ideal for 
H.F. applications. 


PERMALLOY ‘F’ 

very rectangular hysteresis loop with 
a rententivity of at least 95% of its 
saturation value; high flux density 
and low coercive force. Ideal] for 
saturable reactors, magnetic 
amplifiers, digital computers, 
memory devices, etc. 


V-PERMENDUR 

for high permeability with a very high 
value of maximum flux density. Finds 
special application for use as high 
quality receiver diaphrams, also 
motor generators and servo- 
mechanisms in aircraft where weight 
and volume are important factors. 





PHYSICAL PROPERTIES AND GENERAL MAGNETIC CHARACTERISTICS 





Permalloy ‘B’ 


Permalloy ‘C’ 


Permalioy ‘D’ Permalloy ‘F’ V-Permendur 





Specific Gravity 

Electrical resistivity— 
microhms per cm cube 
Initial permeability “o 
Maximum permeability 
“max 

Magnetising force 

for “max-oersteds 
Maximum flux density-gauss 
Coercive force in oersteds 
for Bnax 5 000 gauss 


Remanence in gauss 
for Brox 5 000 gauss 


Hysteresis loss in ergs/cc/ 
{ 

cycle for Cas 5 000 gauss 

Total loss in watts/Ib for 


Bmax 5 060 gauss 50 c/s 


0.015 in, sheet 





8.3 


55 
2 000 to 4 000 


15 000 to 40 000 


0.20 to 0.40 
16 000 


0.15 





60 
15 000 to 40 000 


50 000 to 150 000 


0.025 to 0.04 
8 000 


0.03 





8.15 84 8.2 


26 
400 to 1 000 


26 
700 te 1 000 


90 
1 800 to 3 000 


3 000 to 6 000 


2.0 te 6.0 
24 000 


2.3f 


200 000 to 400 000 


0.03 to 6,10 
14 000 


12 000 to 20 000 


0.2 te 0.5 
13 000 


0-15 0,05* 
13 000° 
200 220* 


0.2 0.3* 














* for B., 


ax 


14 000 gauss 


t for Bax 20 000 gauss 








Write for Technical Data Sheets :— 


Standard Telephones and Cables Limited 


COMPONENTS 
GROUP 


Registered Office: Connaught House, Aldwych, London, W.C.2 


MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY HARLOW - ESSEX 





6 1M 
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IT’S NEW IT’S 


Advance enter the electronic counter market with an instrument excelling 
in range and performance. Occupying considerably less than half a 
cubic foot and weighing only 12 Ib., this remarkable 
counter has the versatility previously found only in equipment 


several times its size and price. 


Over 145 transistors and 21 printed circuit boards are used to achieve 
an exceptionally sound and compact design, capable of performing efficiently under 
rigorous conditions. Self-checking facilities are incorporated, and the 
easy-to-read decade-meter display provides an instant six-figure indication with 


manual or automatic repetition and an accuracy of +1 count. 


TC! TIME AND FREQUENCY MEASURING COUNTER 


FREQUENCY MEASUREMENT from 10 to !,000,000 c/s 
TIME MEASUREMENT from | » sec. to 2,777 hours 


PERIOD MEASUREMENT | or 10 periods of input waveform 
down to 10 c/s 


RANDOM COUNTING iotalling over any period 

OUTPUT TIMING PULSES from 10-' to 10° p.p.s. 
INTERNAL STANDARD oven controlled | Mc/s crystal 
STABILITY -+-1 part in 10* at 25°C 

FREQUENCY MEASURING PERIOD (0.1, 1.0 or 10.0 seconds 
DISPLAY TIME 1 to 5 seconds or ‘hold’ 

POWER CONSUMPTION 3W (battery), 14VA (mains) 


DIMENSIONS length 12 in., height 9 in., depth 6 in., weight 12 Ib. 


* AND NOW-Virtually to d.c. with V.L.F. Converter type CAr 
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S COUNTER Typr ial] 


ae em 


: @ 


© © 


with full laboratory facilities nett price in U.K. €335 


Leaflet Y.101 will be forwarded on request 


ADVANCE COMPONENTS LIMITED 


INSTRUMENT DIVISION 


ROEBUCK ROAD : HAINAULT . ILFORD : : TELEPHONE HAINAULT 4444 
ITi/Aa 
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Out of print volumes of 
“Electronic Engineering ”’ 


are to be reprinted in full size 
by 


Wm. DAWSON & SONS L" 


The volumes scheduled to be _ reprinted 
in 1960 are volumes 13-26 covering the 


years 1940-1954. Further volumes are 


to be reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to:— 


Wm. DAWSON & SONS Ltd. 
16, WEST STREET, FARNHAM, SURREY. 


indicating in which volumes you are particularly 
interested or fill in the reference No. given above 
on one of the Reader Information Service Cards. 
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silicon 
rectifier stacks 








The design of these SenTerCel 


Silicon Rectifier Stacks offers many 





advantages including small size, 

low weight and higher ambient 
operating temperatures (up to 100°C). 
At present, silicon stacks are 
supplied with half-wave, bridge or 
push-pull connections for either 
single-phase or three-phase 

inputs. The great variety of possible 
series and parallel connections 


between diodes provides an 











extensive range of voltage and 


current outputs. 
Write for STC Silicon Rectifier Stacks technical literature. 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C.2 


RECTIFIER DIVISION : EDINBURGH WAY , HARLOW ESSEX 
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Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


One order on Plessey for a complete assembly — or set of 
assemblies —means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 
In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 


4 — 


WIRING & CONNECTORS DIVISION 
THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 


Plessey Telephone: Swindon 6251 


Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 








FP) Cw ita 
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FERRANTI 
offer a wide range of 


SEMICONDUCTOR DEVICES 


IN PRODUCTION 


Small Signal Alloy and Diffused 
Junction Diodes. 

Low, Mediumand High Power Diffused 
Junction Rectifiers. 

Zener Reference Diodes. 

Voltage Variable Capacitors. 

High Speed Alloy Junction Diodes. 
2 Terminal Tetra Layer Switching 
Diodes. 

High Voltage Rectifier Units. 
Photovoltaic Cells. 

Zener Power Regulators. 








TO BE INTRODUCED SOON 


High Frequency Diffused Junction 
Transistors. 


Alloy Junction Transistors. 


High Power Diffused Junction 
Transistors. 


3 Terminal Tetra Layer Diodes, 


FERRANTI LTD 


GEM MILL-CHADDERTON -OLDHAM-LANCS. Tel: MAin 6661 
London Office: Telephone TEMple Bar 6666 











FE202 
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Fully Transistorized 


Frequency mbcturemert wud To Mes 
-for less than £300 
and time moatunemont trio the bargain! 


Other models available from £245 


ENNER 


VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Malden, Surrey . MALden 2442 
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Brimar were ‘first in the field’ in Great 
Britain with: 

Aluminised TV Tubes 

Rectangular TV Tubes 

Modern Electrostatic Focus TV Tubes 
Now Brimar introduce the slimmest 17 in. and 
21 in. tubes available. You are invited to 
enquire about them—their codes are CI7AF 
and C21AF. 


slimmer 
still- “ss te 


110° TUBES 





Brimar 


better make it HiMA 
/ 





/' Gruidord Telephones and Cables Limited 


y 4 Registered Office: Connaught House, Aldwych, London W.C.2 
S me oe VALVE DIVISION : FOOTSCRAY - SIDCUP: KENT - FOOTSCRAY 3333 
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Quip 
“UIPMENT *r 


SA3.HF. 









Fully Transistorized 


Frequency measurement wud To Mes 
-for less than £300 
and Lime mbatunemont into The bargain! 


Other models available from £245 


ENNER 





VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Maiden, Surrey ° MALden 2442 
ELECTRONIC ENGINEERING 30 JUNE 1960 





EE 22035 for further details 


Brimar were ‘first in the field’ in Great 
Britain with: 

Aluminised TV Tubes 

Rectangular TV Tubes 

Modern Electrostatic Focus TV Tubes 
Now Brimar introduce the slimmest 17 in. and 
21 in. tubes available. You are invited to 
enquire about them—their codes are CI7AF 
and C21AF. 


slimmer 
still- 
with 
Brimar 


110° TUBES 


l 
\ 
l 
; 
\ 
\ 
\ 
\ 


\ better make it RIMA 


\ é / 


Thea 
onan f Standard Telephones and Cables Limited 
PA Registered Office: Connaught House, Aldwych, London W.C.2 


X ana” VALVE DIVISION - FOOTSCRAY - SIDCUP : KENT : FOOTSCRAY 3333 
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They 


chose 


Vicalloy 


(Ductile Permanent Magnet Material) 


Telcon’s new alloy 
for rotor assemblies and magnets 


Louis Newmark Ltd. chose Vicalloy for the 

electro-magnet in this miniature synchronous motor which is 
designed for domestic timing devices used in refrigerators, washing 
machines and dishwashers, and also animated displays. Newmark’s 
found that a very favourable torque figure was achieved by using a 
magnet made up from 4 laminations, each 0.0165 in. thick, 

blanked out from Vicalloy using standard 

die sets. Production of these motors is 

expected to reach 30,000 per week. 


Here the Synclock synchronous motor, manufactured by 
Everett Edgcumbe & Co. Ltd., isseen mounted ona torque 
testing bed. Immediate full torque is an essential requirement 
of a motor which controls timing mechanisms, and exhaustive 
tests were made to ensure perfect operation. A vital part of the 
electro-magnet in the Synclock motor isa lamination, 

0.010 in. thick, which is stamped out of Vicalloy. 


Vicalloy is a malleable permanent magnet alloy which 

is particularly useful in rotor assemblies and magnets 
where the conventional cast or sintered magnet 

cannot be employed. Vicalloy is available as strip 6in. wide, 
in thicknesses 0.001 in. to 0.070 in. and also as wire from 
0.040 in. up to 0.25 in. diameter. Itissuppliedina 

ductile and malleable condition and as strip, can 

be blanked, stamped or formed into shape. 


VICALLOY from TELCON 


Furth er deta 


TELCON METALS LIMITED 


TELCON WORKS - MANOR ROYAL - CRAWLEY - SUSSEX 


Telephone: Crawley 1560. Telex: 8748 Telegrams: Telcon, Crawley, Telex. 


MEMBER OF THE Oo GROUP OF COMPANIES 
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V.H.R. Megohmmeter 
Model 31A 














Twenty Mil'on 
Megohmmeter Model 29 


Milliohmmeter 

Model 47A 
Myria Megohmmeter 
Model 35 





( MVRIA 
—_ 


(2 











for RESISTANCE 


....and E-:l-L for measuring it 


Whether you are interested in determining the contact resistance of a stud switch or the surface 
leakage of a silicone coated insulator, there is an E.I.L. ohmmeter suitable for the purpose. 
These follow the E.I.L. tradition of well styled, easy to use, direct reading instruments which 
are utterly reliable and very accurate. 

They cover the entire resistance range from a fraction of a milliohm to beyond five thousand 


million megohms or, in plain language, from conductivity to infinity. 


ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND + SURREY + ENGLAND + RIEChmond $656 
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FAST ACTION RELIEF 
FOR DESIGN HEADACHES 


Semiconductors fast switching 
MA393 Microalloy Transistor 
has these advantages 


e Minimum fosc of 40 Mc/s 

e 50mA cuntinuous current rating 

e Minimum HFE of 20 (Ic=50mA, VCE=1 volt) 
e Typical saturation voltage of 200mV at 50mA 


e Junction temperature only 20°C above ambient when 
bottomed at 50mA 


@ Low, controlled hole-storage factor 
e Reverse base-emitter voltage rating of 5 volts 


e Made in quantity at Swindon on automatic 
production equipment 





J. BESSEMAR the cele- 
brated hypochondriac 


& UJ t 

says, “I got fast-acting és ad. t, f fi d 

Semiconductors MA393 CHHICOWn Uc OVrse dhl (LZ 

Transistors and rid my- CHENEY MANOR : SWINDON - WILTSHIRE : SWINDON 6421 

self of design headaches.”’ sc2s 
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A LP HASI L- the modern core material 


The inset curves illustrate the superior magnetic properties of 
Alphasil cold-reduced grain oriented silicon steel over those of a 
typical hot-rolled grade (Ferrosil 80). Alphasil has a maximum 
permeability four times that of the hot-rolled transformer sheet 
and its core losses are approximately one-third. Initial and incre- 
mental permeability, stacking factor and ductility are considerably 
better than those of hot-rolled sheet. 


Alphasil -013” thick is produced in coil 30 inches wide, and can be 
supplied slit to narrower widths by arrangement. 

TABLE OF WATTS LOSSES ABOVE—A 4,000-ib. coil of 

Frequency Gueramteed max. total losses 30° wide x 013° thick, 

cycles /second ot B. Max. 15 Kilogouss ready for despotch 
ALPHASIL 44 50 62 watts /Ib. RIGHT—Core-ioss testing of 
ALPHASIL 40 50 “56 watts /Ib Alphesil by the ‘double-lap’ 
ALPHASIL 37 so S! watts ‘ib Epstein method. 
ALPHASIL 33 50 46 watts Ib 
Thin Alphasil for high frequency work is also available 
in coil in -004” thick in widths up to 54 inches, and in 
002” thick, in widths up to 43 inches. 

Frequency 
cycles ‘second Gueranteed mox. total iosses 


ALPHASIL -O04HF 400 8 00 watts /ib. at B Max 15 Kilogauss 
ALPHASIL -002HF 8,000 9-50 watts/ib. at B Max 2 Kilogauss 


Full technical data will be supplied on request 


RICHARD THOMAS & BALDWINS LTD 


Enquiries for sheet and strip to be addressed to RICHARD THOMAS & 
BALOWINS (SALES) LTD., WILDEN, STOURPORT-ON-SEVERN, WORCS. 
Enquiries for laminations to be forwarded to RICHARD THOMAS & 
BALDWINS LTD., COOKLEY WORKS, BRIERLEY HILL, STAFFS. 


Our Cookley Works is one of the largest in Europe specializing in the 
monufecture of lominetions for the electrical industry. 


Curves of RMS VA |b against 
B. max. ALPHASIL 37 


_and FERROSIL 80 at 50 c's 


— 


RAROSIL BO 


i 


15 
B max Kilogauss 
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New 
bol =1(=104 (0) 6 


DEKATRON 


GS10G 


simplifies 
multi-stage 
bi-directional 
counting 


Multi-tube bi-directional counting has always been an involved and 
expensive procedure requiring the use of many components and careful 
circuit design. The need for this facility has become increasingly apparent a ae 
with current developments in electronic weighing, machine tool control, acted... «. « tet 
shaft position indicating, computing and similar techniques. Max. Output Pulse with 

In these and allied fields the answer to multi-stage, bi-directional counting 68K () cathodeload ... ... ... .. «35 ¥ 
is the GS.10.G—the latest addition to the well-known Dekatron range. Double Pulse Drive — Amplitude... ...— 100 v 

Incorporating ‘‘routing guides’ to provide glow-direction sensing, inter- Double Pulse Drive — Duration xs 
decade coupling becomes simple and requires no gating. 

Readout can be made directly from glow position as in other Dekatrons 
but for ideal remote presentation we recommend one of the Digitron 


PROVISIONAL DATA 


register tube series. 
Increased ruggedness, even greater reliability and smaller size are 
additional design features which will appeal to the ‘‘electronics’’ designer. 


nquiries should be addressed to:- 


TECHNICAL SERVICES DEPT. 


LON LOIN TUBE DIVISION 


DEKATRON AND DIGITRON ARE ERICSSON TRADEMARKS 


ERICSSON TELEPHONES LIMITED 
Head Office: 22 LINCOLNS INN FIEL DS, LONDON, W.C.2. Tel: Holborn 6936 
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COLD 
CURE 


SIL 


eas 
silicone 
rubber 
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STOMER 


the 
y-to-use 


that cures 
without 


When encapsulating and impregnating problems rack your 
brains, it is time to consider the valuable properties of 
Cold-Cure Silastomer *. 

Here is a silicone rubber in liquid form that can be converted 
at room temperature into a rubbery, heat-stable insulant by 
the addition of a small amount of a liquid catalyst. For this 
reason, and because no special equipment is needed, 
Cold-Cure Silastomer is perfectly simple to use. 

Available in three different grades which vary in consistency 
Cold-Cure Silastomer possesses all the excellent dielectric 


* Silastomer is the registered trade name of a comprehensive 
range of silicone rubbers manufactured and marketed by 


Ss) 
MIDLAND SILICONES LTD 


Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


first in British Silicones 
68 Knightsbridge - London SW1 - Telephone: Knightsbridge 7801 
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 


Agents in many countries 


JUNE 1960 


heat 


properties, heat stability and high thermal conductivity 
associated with silicone rubbers and can be used at tempera- 
tures as high as 250°C or as low as —30°C. It affords excep- 
tional protection against moisture, dust, oxidation, weathering, 
ozone, corona and mechanical shock. 

A considerable amount of data on the many and varied 
applications of Cold-Cure Silastomer has now been collected 
and we shall gladly put our experience at your disposal and 
give individual attention to your specific requirements. 


Full details of the properties and applications of Cold-Cure Silastomer 
are given in a new 18 page illustrated booklet. Fust complete the coupon 
and we'll be glad to send you a copy. 


Ke K*KRKHHH HH HH 
Please send me a free copy of your booklet: 
‘Cold-Cure Silastomer’ 


Name 

Company 

Address 

K*HRHHEHEHEHAE RR SE FS 
®MSR3 
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JLT 


instruments 
for 


Accuracy 0°5% of full range output 


Incorporating the benefits of years of experience, this transducer will accurately 
measure both steady and fluctuating pressures. Its high frequency response 
enables transients in pneumatic and hydraulic systems to be studied. 


Pressure Range 0-2000 to 0-20,000 p.s.i. Full Range Output 1.5mV/V applied 
Bridge Resistance 1,000 ohm Temperature Range —40 C to + 100°C 


A stainless steel model (Type BP6) is available 


Write for full details to: 


J. LANGHAM THOMPSON LTD 


BUSHEY HEATH - HERTFORDSHIRE 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: ‘Tommy Watford’ 
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pr 


Visit us at the 
1.E.A. Exhibition | 
STAND No. H 365 JLT 
instruments 
for 


MODEL C 

This single element high precision potentiometer has many 
applications in computers and servo systems, or as an angular 
displacement (or position) transducer. 

It is available with 10 different wiring variations of which one 
is illustrated. 

Running Torque 0°2 — 0°5 g/cm Temperature Range 55°C to + 85°C 


Resistance Range 200 to 750 K ohm Max. Operating Speed 500 r.p.m. 
Power Rating | watt Noise < 2uV 


The above data applies to a standard linearity of 0°5°%, but linearities 
of 0°25%, 0°15°% and 0°10% are available. 


MODEL H 

The H Series is primarily intended for those applications where 
multi-element precision potentiometers are essential. All models 
can be delivered adjusted to the required angle. 

Elements are available with 7 different wiring variations. 

Running Torque 0'5 g/cm per element Temperature Range - 55°C to +85°C 


Resistance Range 200 — 50 K ohm Max. Operating Speed 500 r.p.m. 
Power Rating 0°5 watt Noise < 2uV 


The above data applies to a standard linearity of 0°5°%, but linearities 
of 0°25%, 0°15% and 0°10% are available. 
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(Actual Size) 


RECTIFIER 
BRIDGES 


RATINGS (UP TO 2400 C/s ) CURRENT DERATING CURVE 
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ABSOLUTE +t 
D.C. MAX sees 
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RATING 
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100 0-5 
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200 0-5 
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400 0-5 70°C 





DIRECT CURRENT AMPS. 

















800 280 0-5 70°C 











* FOR DIRECT MAINS OPERATION 
DERATE BY A FACTOR OF 2 AMBIENT TEMPERATURE 














For prices, applications and further details apply 


Joseph Lucas Ltd | & @ E. Bradley Ltd 


SEMI-CONDUCTOR DIVISION ~- Telephone Gladstone 0012 
ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10. 
A Subsidiary Company of Joseph Lucas (Industries) Ltd 
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THAT 


SHUG 


YOU WANT IS 


No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 
etc. 13/6. 


Magadan t 


“iy, 


No. 98A. Three dozen Assorted 
1” to 4” long, }” to }?” diam., 
19G to 15G. 5/6. 


No. 753. Three dozen Assorted 
Light Expansion }” to 4” diam., 
2” to 6” long, 22 to 18 S.W.G. 





No. 760. Three dozen Assorted 
Light Compression Springs. 1” 


to 4” long, 22 to 18 S.W.G 
}” to 4° diam. 6/6. 


No. 757. Extra Light Com- 
pression, 1 gross Assorted, 4 
to *” diam., 4” to 24” long, 
27 to 19 S.W.G. 15 -. 








Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking 








Really interested in Springs? 
“Spring Design and Calcula- 
tions’’ 9th Edition tells all— 
post free 12/6. 





Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 
stock—from 3” to {’. 








No.758. Fine ExpansionSprings. 
1 gross Assorted 4” to §” diam., 
4” to 2” long, 27 to 20 S.W.G. 


Looking for good Hose Clips? 
Send for a sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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No. 1217. One 


gross 
Assorted Springs. A complete 


Garage Service Kit. 42/- each 


We know exactly how difficult 
it is to find springs for 
experimental work . . . we've 
been making quality springs for 
over 100 years. So, we confidently 
offer you our excellent range of 
small boxed assortments which 
covers a very wide range. 

We can only show a few boxes. 
Send us a p.c. for our full list. 

If ever you are stuck with a 
spring problem let our Research 
Department put their long 


experience at your disposal. 


HERBERT TERRY 
& SONS LTD 


Redditch, Worcs. 


(Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 
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TMC Elmeg Counters are as near perfect as they can be made 

by the human skills of technical experts with years of experience 

and the most advanced equipment at their disposal. As a range, 

they are exceptionally versatile — offering a choice which 

should match up to even the most remote requirements. 

Available in ‘‘Print-Out”’ and ‘‘Read-Out”’ form, they have Stewie O26 he 
fast operating speeds of up to 40 per second. They operate on up vertical mounting 
to 220 Volts, with uni-directional or bi-directional motions. 

Re-setting to zero by electrical and mechanical 

methods. There are auxiliary contacts operating on each 

revolution of a number wheel. The range includes counters 

for flush panel mounting and surface mounting. 

No special servicing is required. 





ed 


PZ5e1R — 5-digit counter with electrical and 


mechanical reset. 
i iy MC Telephone Manufacturing Company Limited 
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AV! W Al 


extensive 
applications ¢« 











reliability 


including some counters of extreme compactness ! 


The number of applications for which TMC Elmeg Counters can be used to advantage 
are far too many to list in detail. The following will act as a general guide: 


In conjunction with proximity switches or photocell 
equipment on production flow lines. 


In factory statistical equipment. 
In factory process control. 


In computers and office accounting machines. 


You can register up to 9,999,999 on TMC Elmeg counters 


Write now for further information 
Relay Division B, 
Hollingsworth Works, London, SE21. Telephone: GiPsy Hill 2211 
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GROUP OF COMPANIES 


in the microwave field 


Instruments for Education, Development and Research 


The 599 Microwave Educational Testbench 


Specifically designed for Universities and Technical Colleges to enable 
advanced students to receive tuition in the latest microwave techniques 
using equipment likely to be encountered during their engineering 
career. A comprehensive handbook giving theory and experiments is 
included with the apparatus which comes fully equipped with both 
Klystron power supply and selective amplifier. 


Signal Generators 
Frequency ranges of the Sanders Signal Generators cover the following: 

Type Frequency Type Frequency Type Frequenc 
CT.312  1.3—4.5kMe/s. CT.313 4.0—7.0kMc/s. CT.314 7.0—12.0 kMc/s. 
Each Generator comprises a Klystron oscillator in a coaxial resonant cavity fed from 
a stable power source. Provision for the application of square wave or pulse modu- 
lation from internal or external sources is made and an internal R/F power monitor 
establishes a power level of | milliwatt at the output of a piston attenuator calibrated 

from 0-100 db. 


Coaxial Line Cavities 

Coaxial line cavities using plug-in Klystrons with adjustable, built-in 
output attenuators are available for the following frequency ranges. 
Type CLC 7-12 Frequency 7.0—12.0 kMc/s Type CLC 4-7 Frequency 
4.0—7.2 kMc/s (illustrated) Type CLC 2-4 Frequency 1.3—4.5 kMc/s. 


Ferrite Isolators 

Examples from the Sanders Ferrite range include the TBI Broad-band series and the 
F-type miniature systems series. For example, the TBI 16/30 is a broad-band reson- 
ance isolator giving a minimum isolation of 30 db over the frequency range 8.2— 
12.4 kMc/s with a maximum insertion loss of 1.25 db. Input V.S.W.R. is 0.87:1 
minimum. The WG I6F series offers 20 db minimum isolation over the band 8.6—9.6 
kMc/s and has an average power rating of 100W. Overall length of the Isolator in 
this band is only 2 inches and it weighs | lb. 6 ozs. Full specifications for these Isolators 
and details of our future Ferrite programme are available from our Sales Office. 


Universal Standing Wave Detector 


Complete microwave analytical test benches for both research, 
development and production test are available for the frequency 
bands 2.60—3.95 kMc/s (S-band) to 26.50—40.0 kMc/s (Q-band) 
Illustrations show a Universal Standing Wave Detector enabling 
a single carriage assembly to be used with a series of waveguide 
slotted sections covering the bands 2.60—12.40 kMc/s. 


THE 


Products of ANOS 


GROUP OF COMPANIES 
GUNNELS WOOD ROAD «: STEVENAGE « HERTS 
Telephone: Stevenage 981 Telex: 82159 Sanders Stev. 
PRODUCTS OF THE SANDERS GROUP OF COMPANIES INCLUDE MICROWAVE EQUIPMENT, FLEXIBLE WAVEGUIDE 


ASSEMBLIES, MAGNETIC AMPLIFIERS, INDUSTRIAL CONTROL SYSTEMS, POST OFFICE RELAYS, RESISTANCE 
WELDING CONTROLS, PRECISION GEAR ASSEMBLIES 
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‘*BELLING-LEE’ 
Miniature & Sub-Miniature Coaxial Connectors 


“Big oaks from little acorns grow’’—the converse is equally 
true of course, and from one of the largest component 
manufacturers in the country come these new, tiny coaxial 
plugs and sockets. 

Drawing on the experience gained with their outstandingly 
successful standard range of coaxial connectors, “Belling- 
Lee” have designed these very much smaller types to meet 
the requirements of miniaturised equipment. The L.1417 
series is intended for general instrumentation and portable 
equipment, and is suitable for screened cables up to 0.16” 
diameter; it is compatible with the coaxial members of the 


Miniature Unitor family. The L.1403 series, which is smaller 
still, is already internationally established, being fully inter- 
changeable with the American “‘Microdot’”’ range; it accom- 
modates sub-miniature cables of approximately 1 16” overall 
diameter. The dielectric material of both series is P.T.F.E., 
and contacts are silver- or gold-plated. 

These new connectors are illustrated full size, in comparison 
with a B.N.C. type plug, one of another international range 
of plugs and sockets also made by “Belling-Lee’’. Please 
write for full particulars of these and other coaxial con- 


nectors—we make screened multi-connectors, too. 


Most ‘‘Belling-Lee’’ products are covered by potents or registered designs or applications 


BELLING ¢ LEE LTD 


| GREAT CAMBRIDGE ROAD 
Telephone : Enfield 3322 
TERMINALS 


GLASS SEALS 


1960 


ENFI y, MIDDX 


PLUGS & SOCKETS 
INTERFERENCE FILTERS 


ENGLAND 


+ Telegrams: Radiobel, Enfield 


CIRCUIT PROTECTION DEVICES 
RECEIVING AERIALS 
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ee 
% PG Conforming to Sections B & C of Specification EL1930, M.O.S. (Ais) 


Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 





specialised services, has a wide potential field of application in modern 
electronic engineering. The physical and electrical properties of PTFE make it the 
best material available wherever the emphasis is on performance 
and complete stability. In brief, PTFE has these advantages : 
Stable at all temperatures from -75°C to +250°C 
High dielectric strength 


» 

” 

ws Low dielectric constant 

ws High resistance to corrosives and solvents 

ew Non-chafing and self-lubricating , 

e Available in 11 colours 

es Non-adhesive 
PTFE is extremely difficult to form, but we have considerable pioneering 
experience in its processing and fabrication. As a result we are able to produce 
PTFE insulation by extrusion with concentricity guaranteed to close limits. 
We are anxious to extend the uses of this wire and will gladly supply 
interested manufacturers with samples for them to test. If we can help you with 


information on the use of PTFE in any shape or form, please let us know. 


Send your enquiry to: 


Associated Electrical Industries Ltd 
Radio and Electronic Components Division 

PD 17, 155 Charing Cross Road, London, W.C.2 

Tel: GERrard 8660. Telegrams: Sieswan Westcent London 


CRC 17/17 


ELECTRONIC ENGINEERING 46 JUNE 1960 





a3 
i 





Honesty — they say—is the best policy. We have always found this so in the 
building of transformers, for Savage transformers are an honest job, they look 
good and are good. We are very fussy about what goes into them and for this reason 
make as many of the components as possible in our own workshops. Illustrated 
is a corner of our metal-working shop where we are turning out transformer cases, 
some of which have to hold vacuum down to I mm. of mercury. Only by meticulous 
attention to details can this little 
factory maintain its big reputation. 
Satisfied customers have spread our 
name across the world — one enquiry 
from California began “Gentlemen: 
By good authority we have been told 
that you make some of the best 
transformers ever made... .” 














The transformer illustrated 
above gives an output of 500 
watts at 10 KV, at frequencies 
between 4000 c.p.s. and 9000 
c.p.s 


If you have a transformer problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 


NURSTEED ROAD, DEVIZES, WILTS 


Tel: Devizes 932 
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Have you a knotty problem? 


if cable identification 
is your worry 


let Hellermann Ltd advise you —solving cable 
problems is right up their street.* 

Cable binding sleeves and markers for any 
application are their stock-in-trade. 

The Hellermann research laboratories test sleeves 
and markers daily, and a long list of impressive 
approvals bears witness to the excellence of the 
resulting products. 

A first-class answer to your problems! 


Hellermann binds, identifies, and insulates 
cable ends in one operation. 


HELLERMANN LTD* gatwick road, crawley, sussex 


A subsidiary company of Bowthorpe Holdings Ltd 
Cable accessories: Plastic mouldings & extrusions: Crimped terminals & tools: 
Plugs & sockets: Terminal blocks: Metal pre-treatment solutions. 
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RESISTORS 


... from the largest... to the smallest 


The smallest resistor engineered by 

Expamet Cressall is approximately of 4 watts 
rating. Above this, almost any size and type 
of resistor or rheostat can be supplied. 

Such a service is unique and backed by 


%* Wire wound resistors 07 unrivalled experience. Technical advice 


an be pre- 


that makes full use of this unrivalled 


LpI 


experience is freely available. 


EXPAMET and CRESSALL-go together all the way 


* These vitreous enamelled resistors 


; na 
bust and capadie of 


viths 


The Electrical Division of 
The Expanded Metal Company Ltd. 


LONDON OFFICE: 16 Caxton Street, London, S.W.1. Telephone: ABBey 7766 
WORKS: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 


The Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 
Telephone: Aston Cross 2666 
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Putting 
AO) 


h Crompton Parkinson, Series 5, T.E.F.C. motors 
0 rse ) owe 3 are much smaller horsepower for horsepower than 
any previous range of totally-enclosed motors 
h made in this country. In some cases the output 
W e re of a given frame size has been doubled. 
The new T.E.F.C. motors have the same frame sizes 
?0) for a given rating as Series 5 ventilated motors 
Wad S (to B.S. 2960:1958) and, in mounting and shaft 
dimensions, are interchangeable with them. They cover 
the same range of outputs ~-1 h.p. to 40 h.p. 4-pole. 
hefo re Electrically they conform to B.S. 2613:1957. 
Motors from 1 to 7} h.p. at 1400 r.p.m. can be ordered 
now. The remainder of the range will be 
available later in the year. 
Write for full technical information. 


(rompton Parkinson & 


tIMitEeD 


CROMPTON HOUSE * ALDWYCH * LONDON WC2 
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Core 
Assemblies 
offer... 


adjustment of 77% 


with an accuracy of better than +0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than +-0.02°,, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately +7°, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 
+3°% of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 

pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 


’ Mullard Ltd. Component Division, Mullard House. Torrington Placs 


MC. 2868 


JUNE 1960 ELECTRONIC ENGINEERING 





BE 22 054 for further details 


Putting 
AO) 


h 0 rse ) Owe f Crompton Parkinson, Series 5, T.E.F.C. motors 


are much smaller horsepower for horsepower than 
any previous range of totally-enclosed motors 
h made in this country. In some cases the output 
W e re of a given frame size has been doubled. 
The new T.E.F.C. motors have the same frame sizes 
yA for a given rating as Series 5 ventilated motors 
ES (to B.S. 2960:1958) and, in mounting and shaft 
dimensions, are interchangeable with them. They cover 
the same range of outputs -1h.p. to 40 h.p. 4-pole. 
hefo re Electrically they conform to B.S. 2613:1957. 
Motors from 1 to 7} h.p. at 1400 r.p.m. can be ordered 


now. The remainder of the range will be 
available later in the year. 


Write for full technical information. 


(rompton Parkinson 


tiIMitEeD 
CROMPTON HOUSE * ALDWYCH * LONDON WC2 
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VIN 


Pot 


Core 
Assemblies 


offer... 


with an accuracy of better than +0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than -+-0.02°/, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately + 7°, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 
+3°, of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 

pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 


Mullard Ltd. Component Division, Mullard House, Torrington Placs 


MC. 2868 
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regular 
type 


Used alone asa 
load-carrying nut on 
light duty assemblies, or 
used on top of ordinary 
nuts on high stress 
assemblies 


acorn 
type 


Smooth dome shape 
covers up unsightly 
rough bolt ends for 
attractiveness and 
protection against 
scratching 


adjusting 
type 


Used as a lock nut 

when seated, or as an 
adjusting nut or stop nut 
anywhere on threads 


wing 

type 

Combines locking 
principle of Dotlocs with 
ease of finger tightening 
and removal 


tension 
nuts 


Holds adjusting screws 
to desired setting. For 
ease of assembly and 
simple adjustments 


washer 
type 
Incorporates grounding 


base and seal against 
water and dust 


Improve production with 


>C 
REDUCE 
parts operations and 


COSTS! 


DOTLOCS are locking nuts, precision-made under 
careful quality control, and produced in such enor- 
mous volume that they cost less than other locking 
devices, often less than plain nuts alone. 

A single DOTLOC or Fastener replaces two, three, even 
four fastening parts, according to application and 
type used. Extra devices such as lock washers, flat 
washers, sealer washers, cotter pins can be eliminated. 
The extra cost of threading, drilling or notching other 
fastening members can be saved. 

As a result, assemblers handle a single, low-cost 
DOTLOC in place of costlier, multi-piece fastenings, 
reducing the number of parts to buy and to apply. 


DESIGN & LOCKING PRINCIPLI 
Dotlocs are single-thread locking nuts made of spring- 
tempered steel, and are available in a wide range of types 
to fit standard threads. 


The thread engaging portion is formed in true relation to the 
pitch of the screw thread. The inner contour is designed 
to provide maximum strength from a single-thread nut. 


Perfect hexagon shape, straight sides, ample height for easy, 
speedy handling and wrenching. 


Save weight. DOTLOCS save more than 65°, of the weight 
of plain nuts, 80°,, of nut and lockwasher, 85°, of nut, 
lockwasher and plain washer. 


Save space. DOTLOCS require less space than many other 
fastenings. This is especially true where lockwashers and 
flat washers are eliminated 


Interchangeable. DOTLOCS are interchangeable with other 
commonly used locking devices and generally require no 
change in design. 

Withstand high temperatures. Spring steel DOTLOCS are not 
affected by temperatures up to 400°F. 


Quick assembly. Either the poTLoc or the screw can be 
driven in the assembly procedure, whichever is more 
convenient. 


Locking action. Safer for assembling fragile or brittle 
parts and materials. Resilient DoTLOc thread form permits 
firm but spring-cushioned pressure on assembled parts. 


CARR FASTENER COMPANY LIMITED 


Stapleford, Nottingham. Phone: Sandiacre 3085 


LONDON : 


195/197 Gt. Portland Street, London, W.1. 
Langham 3253-5 


quick secure fastening at LOW UST unih, 
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a new range of 


A compact, high-performance VHF radio-telephone 
equipment. 

It is suitable for all classes of mobile service 

and operates within the frequency 

limits laid down by the British Post Office. 


Transistors used in HT supply NVI O RB | i £ 
reduce battery drain. 
Knife-edge selectivity filters. 


Narrow or wide channel spacing. Fe A D | oO 


Dual channels provided as an optional extra. 
Background muted on ‘receive’. T —E L E fo 4 oO N E 

Public Address facilities. 

AM or FM. 
Vaives with CV or US equivalents. E Q U i P NM E N = 

Freq. range: 71.5/100 Mc/s or 156/174 Mc/s. 


| Mobile: 12 Voits OC. 
Powersupply | £ixed Stations: 200-250 VAC. 


For full specification please write to: 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 


Radio Communications Division, 
Ford Street, Coventry, England. 


Smee s G.E.C.58 
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TRANSISTOR Converters and Inverters 


for fluorescent lighting and general applications. 
The range of operating voltages, powers and frequencies 


is under steady development. 


Inverters for fluorescent lighting from 12 volt d.c. supplies cover the 
range from a single 6” tube to six 24” tubes or equivalent. 

Inverters for 12v. d.c. to 50 c/s or 400 c/s a.c. up to 100 W. 
Constant frequency and locked frequency inverters for camera 
and tape recorder operation. 

Inverter-rectifier systems for d.c. to a.c. conversion. 








TRANSISTOR Controller 


Magnetic amplifier intermediate stage, saturable reactor 


power stage. A temperature controller for use with a platinum 


resistance thermometer to provide power control te cere 
PLUGS - LEVER KEYS - CABLES 
FUSE MOUNTINGS - AMPLIFIERS 
Constant current characteristic for platinum furnaces. CONTROL PANELS © MOULDINGS 
COUNTERS ° PLUNGER SWITCHES 
MAGNETIC AMPLIFIERS - RELAYS 
SATURABLE REACTORS ° JACKS 
TRANSFORMERS - INSTRUMENTS 


THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED,  WAX*Ot“its INSTRUMENTS 
THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 — "ANsiSTOR inverters - seus 


PROTECTORS - WIRES - BUZZERS 


up to 60 KW 3-phase. No mechanical switches. 
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. than one of tackling the 


problem of components in the 
electronics industry—and BRAY- 
HEAD know a good many! Here, 
a team of specialist designers are at 
your disposal . . . a range of pro- 
ducts, second to none, is yours to 
choose from . . . and finally, you 
can be absolutely certain that 
every Brayhead component will be 
precision manufactured to your 
exact specifications, and produced 
to the highest standards at the 
most economical cost. Remember, 
there are more ways than one of 
tackling your problems... 
Consult Brayhead now! 


TURRET TUNERS 
VALVE HOLDERS 
F.M. UNITS 
1.F. COIL & VALVE SCREENING CANS 
VALVE RETAINING CLIPS 














+ 


ie 


INDUSTRY 


KARATEP! WORKS - KENNEL RIDE 
ASCOT - BERKS 


Tel: Winkfield Row 427/8 or Ascot 1907/8/9 
Grams: Brayhead, Ascot 
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A better job in Fibre Glass moulding 


A ET Plastics mould these electrical service 
fuse boxes in Premix Fibre Glass and make them 
tougher, safer and more reliable than the older cast 


iron and porcelain assemblies—for the same price! 


Premix Fibre Glass is a wonderful material for jobs like this because it is strong enough to replace the cast 
iron box and its electrical properties are so good that you can mount the current carrying parts directly on 
the moulding. Result: fewer parts, lower assembly costs, easier maintenance and longer life. 

Premix Fibre Glass mouldings are in a special class midway between phenolic mouldings and alloy castings, 
combining the good qualities of both: exceptional impact strength, dimensional stability and heat resistance 
with high insulation resistance and freedom from tracking plus the advantages of plastic moulding techniques 
A EI do a better job in plastics and they know the right one for your product. Give them a sample—even 
if it is already made in plastics—and its pretty certain they'll be able to give you a still better job in 


plastics. Let them see the project in the design stage and they'll show you how it can be cheaper, simpler 


and better in plastics. 


You are invited to get in touch with 


AE! Plastics (Aldridge) Limited 
Formerly ALDRIDGE PLASTICS LIMITED 


ALDRIDGE Redhouse Industrial Estate Staffordshire Tel: ALDridge 52031 
LONDON E.C.4. 38-39 Upper Thames Street Tel: CENtral 2332 
MANCHESTER 13. 92 Oxford Road Tel: ARDwick 4118 
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2} Watts 
—-20)Megacycles 
~ Silicon|NPN Transistors 











@ 
—— JEDEC encapsulation 


Typical charac (ee eee 





Power dissipation 


Collector to Base Voltage 
20 


100 100 100 100 
20-80 20-80 8-20 8-20 


Cut-off frequency 
Collector current 
Current gain spread 


These Silicon grown-diffused transistors are particularly suitable for all applications at high temperatures and high 
frequencies such as high speed switching, i.f. amplifiers frequency modulators, etc. 


Full data-sheets and prices available from: 


M.C.P. ON Station Wharf Works 
Electronics = OF 4 —— THOMSON HOUSTON 
Limited 2 Telephone WEMbiey 1191 OFPARTEMENT SEMICONODUCTEURS 


SEE US AT STAND No.Q708C AT THE IEA EXHIBITION 
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A new Grommet development 





ae | ae 1 @) ©] —) Oh ee) ee 
EMPIRE RUBBER GROMMET 


Tabilalii-th aes leteotelaalealeler-lilaleMiamel-i—m 


fotoval-jiel-la-lelh ma-1elelet-t-ma-lalel—melm-ip4-1_) 


ok=sorstel-t- mm lal-m-t-leal-meolselssleal-)m@er-lamel-mer-i-le| with 


Toe Apt ec lie olrshi- wm iallet.Gal-t-t-1-1-me] mier-lell-m-1p4-1_ 


PAT. APP. No. 5255/59 


& iL i 
This newly developed self-conforming grommet, 
because it is immediately self-locking against the 
elements, is the solution to many of an engineer’s 
sealing problems. 

Any one size will not only accommodate itself to a 
variety of mounting plate thicknesses, but (designed 
for cable or control rod) will take these in a variety 


THE NEW BLIND GROMMET | 


| 
| 
| 


Note how when sprung into position the grommet pro- 
vides a perfect double seal by its own permanent pres- 
sures. The angled groove also creates a tight pressure 
hold on the metal plate. 


A useful feature of this cable grommet is that by reason of the designed taper 
of the cable entry and the flexibility of the web, a considerable angle of cable 
This avoids necessity for special 


entry and a variety of cable size are possible 
grommets with angled bores. 


Now being produced in a range of sizes. 


THESE GROMMETS WILL SOLVE 
YOUR SEALING PROBLEMS. 


EMPIRE RUBBER COMPANY =. 
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DUNSTABLE .- 


of sizes and be weather-, water- and dust-proof at a 
variety of angles to the cable or rod. 


Because of its capacity to conform to many varying 
requirements, it enables a workshop stock range 
of grommets to be reduced to perhaps one tenth of 
that at present maintained. 


THE NEW DESIGNED GROMMET 


SECOND SEAL 


y Y 


FITTED 


In the cable grommet variety the same double pressure 
seal is created. allied to tight seal on various diameters of 
cable. This new grommet gives sound sealing at all 


vital points. 


In the conventional grommet, only 
one thickness of plate and only one 
size of cable can be accommodated. 
No effective seal is afforded by the 

parallel groove. 


ENQUIRE 


for Catalogue section 
and detailed particulars. 


BEDFORDSHIRE - ENGLAND 


R.B./0! 
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IN COMPUTERS AND CONTROLS THE WORLD OVER 


dependable conversion from AC to DC 


begins with semiconductors from 


INTERNATIONAL CORPORATION 


World's Largest Supplier of Industrial Metallic Rectifiers 
Available in Great Britain from 


International Rectifier Company (Great Britain) Ltd., Hurst Green / Oxted / Surrey 


ELECTRO-CHEMICA 
af VOLTAGE REGULATION 
. 2 Va OM MUNICATION 
@ was INDUSTRIAL POWER 
- Td MPUTERS AND CONTROLS 


International Rectifier Corporation, El Segundo, California, U.S.A 
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for your plans tomorrow 








J 


Low cost monitors, precision oscilloscope tubes, image 
converters and camera tubes—all are available from Mullard. 
Some of these tubes from the current range of over forty basic 
types of industrial display device are shown on the page 
opposite. Whatever your interest in industrial cathode ray tubes 
and other display devices, it will pay you to have a word with 
Mullard. Not only does the current range include tubes for all 
sorts of applications—research and development is intensive 
and well advanced in a number of new fields, some of them 
being briefly described below. 





Advanced development is now in progress on both bi-stable and half- 
tone storage tubes. The bi-stable tubes are electrostatically deflected 
and are intended for use in infinite persistence oscillograph applications. 
; The half-tone tubes are magnetically deflected and provide a bright 
Display storage tubes flicker-free display with controllable persistence characteristics. Uses 
for these half-tone tubes include radar displays where ambient light levels 
are high and equipment for the display of information received on 
slow-scan narrow bandwidth systems. 





Tubes are being developed which provide electronic writing and reading 
facilities for use in information processing systems. Of particular 

“K Information sto rage tubes interest is a single-gun tube capable of storing a high resolution television 
picture for purposes of standards conversion or processing for band- 
width compression. In the radar field it has applications in systems 
employing true-motion display or moving target indication. 





: Among the solid state devices under active investigation is a light 

Solid State amplifier which utilises a combination of electroluminescent and 

: : photoconductive principles. Other devices in this sphere of activity 
display devices include solid state image converters and multi-element devices. 





In applications where the ambient light is extremely strong it is possible, 
in some instances, to maintain contrast by using display tubes with 
aT transparent phosphors. Experimental tubes show that although the 
Transparent Phosphors brilliance of the trace is naturally less than that of a normal tube, only 
negligible ambient light is reflected from the transparent tube screen, 

and an effective display is obtained. 





Deflection sensitivities of both magnetic and electrostatic industrial and 
radar tubes of conventional design can, under certain conditions, be 
increased by factors of 10 times by the use of magnetic and electrostatic 

-K Scan Magnification lens systems of scan magnification. Substantial progress is being made 
at the Mullard Research Laboratories in the complex problems which 
must be resolved before this attractive system becomes a practical 
proposition. 
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display devices 


..and your needs today 





i 


AW17-20 Television Camera Viewfinder 


This high quality viewfinder and monitor tube has a 64-inch 
diagonal rectangular screen. Compared with earlier 5-inch 
round tubes, the rectangular screen of the AW17-20 provides 
nearly twice the useful screen area for an increase of only 
20°, of the face plate area. 





ine od 





5820 Television Camera Tube 


The §820 is a 3-inch image orthicon tube with an exceptionally 
high sensitivity and a spectral response approaching that of the 
human eye. It is a direct equivalent of the American tube of 
the same type number. 





ME1201AA 
Image Converter 


One of the most important applications of the image converter 
is as an electronic shutter in high speed photography. With the 
grid controlled ME1201AA, exposures as short as a thousand- 
millionth of a second are possible. 


AW36-48 Studio Monitor Tube 


The high-brightness and definition of this 14-inch tube are 
of particular value in television studio monitors. Deflection is 
magnetic and focus electrostatic. 





MM13-10 

High Brightness Radar Tube 

At high altitudes ambient light is strong and, for easy viewing, 
radar tubes are made with a very high brightness. The MM13-10 
is a five-inch magnetic tube specially designed for such 
applications. 





DH10-78 Helical P.D.A. Tube 


The DHr1o-78 is a 4-inch diameter flat faced instrument tube 
which employs a helical post deflection acceleration system. 
The characteristics have been carefully determined to suit it for 
a wide variety of applications ranging from simple inexpensive 
oscilloscopes to precision laboratory apparatus. 
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a DH3-91 Waveform Monitor Tube 


One of the simplest and most economical 
systems of waveform monitoring is provided by 
the DH3-91. This is an inexpensive one-inch 
tube that in most equipment can be operated 
from existing H.T. lines. 


Mullard 





GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 


Mullard Ltd., Mullard House, Torrington Place, 
London, WC1 + Telephone: LANgham 6633 


WMVT3I70 
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Keep in touch 





ae Ahae 











eigen ses y 
. melden * 


JUNE 1960 ELECTRONIC ENGINEERING 





EE 22 066 for further details 














JUNE 1960 


Z. 
x 
Zz. 
o) 
Zz 
~ 
Zz. 
4 
~ 





EE 22 067 for further details 











FLECTRONIC ENGINEERING 


JUNE 1960 





EE 22068 for further details 


A COMPREHENSIVE RANGE OF 9 "08087 


Miniature’ Instruments 


% DESIGNED TO HARMONISE WITH 


20 30 
Kilt 114,79 
A 7 


Above: 2” square moving coil voltmeter 


SPECIFICATIONS B.S. 89-1954 and other international 
standard specifications, or B.S. 2011/H3 if required. 


TYPES 


Moving coil for D.C. applications. 
Rectifier moving coil for 

A.F. applications. 

Thermo-couple operated moving 
coil for R.F. applications. 


SIZES 40° ° 200 
Square: 2’, 24” and 34” nominal ail Miny 
scale length. AY 
Round: 24” and 34” nominal ~ 
scale length. 

Rectangular: 5x 6” or 3’x 4” 

nominal case size. 


@ 


“Ny 4 


Design registrations pending. 


ALL MODERN ELECTRONIC EQUIPMENT 


FIXINGS CONFORM TO ACCEPTED PRACTICE 
_ 4B *& PRICES ARE HIGHLY COMPETITIVE 


For utmost reliability all “ENGLIsH ELectric’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests: 


RESISTANCE TO IMPACT SHOCK OF 200g 
in any plane. 


VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


20 4c 
) Wilins g 
‘ Sy ! Mitty y fo 
WwW 


Z 
Vj 
“ty 


Above: 3” x 4” moving coil milliammeter 


Left: 24” round moving coil microammeter 


Over 50 standard ranges in any of the seven 
case types. 


Delivery ex stock for standard ranges. 


Non-standard ranges to customer's speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 


ENGLISH E 


LECTRIC 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 
Meter, Relay and Instrument Division, Stafford 
WORKS'S: STAFFORD ° PRESTON . RUGBY . BRADFORD . LIVERPOOL * ACCRINGTON 


INS.438 
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English Electric Valve 
Co. Ltd. use ‘Fluon’ 


components in travelling 


wave tube for 


radio link equipment 


Because it is the best of the solid dielectrics, having a 
very low permittivity and power factor, and is an excellent 
electrical insulator, ‘Fluon’ p.t.f.e. is used for components 
in the travelling wave tube, made by English Electric 
Valve Co. Ltd., Chelmsford, for radio link equipment. 
One of the most important outlets of ‘Fluon’ is in 

the electrical and electronics industries. It is 

being used in a wide variety of ways ranging from 

cable and wire insulation to TV antennae insulators ; 
from a high temperature condenser dielectric to 

low friction bearings for variable resistors. 

Apart from its excellent electrical properties, ‘Fluon’ 

has many other advantages. It has a remarkable 

working temperature range from + 250°C. down to 

liquid nitrogen temperatures. It is tough yet flexible, 

and has good impact strength. It is chemically inert 

and has a non-stick surface which is self-lubricating. 


‘ ‘ ‘Fluon’ is the registered trade mark 
Se ae om @ me. “s for the polytetrafluoroethylene 
manufactured by I.C.I. 


‘Fluon’ components in travelling 
wave tube made by English Electric 
Valve Co. Ltd., Chelmsford. 
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IN INDUSTRY 


IMPERIAL CHEMICAL INDUSTRIES LIMITED+->LONOON -:- S.W.1 
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use 


1-C-T 


computer 


TIME OF STORES PROVISIONING CUT BY TWO-THIRDS 


Without the efficiency of their stores provisioning, G.P.O. tele- 
communications could never be the extremely competent public 
service that they are today. Every one of the 30,000 items stocked 
should be available immediately throughout the vast countrywide 
network; yet, to avoid locking up too much capital, no item must 


be overstocked. 


This is one of the world’s most for- 
midable stock control jobs. With 
their advanced thinking it was 
natural that the G.P.O. should turn 
to electronics to increase their 
efficiency. They chose for immedi- 
ate use anI-C-T 1200 series computer. 
This computer has been working for 
a year only, but it has already 
demonstrated its value as a tool for 
controlling a stockholding worth 
£48 million. 

It accurately reviews thirty 
thousand items each month; indi- 
cates unbalance, excesses and 
shortages, and consistently assists 
in maintaining the stores holding 
at the practical minimum. In fact, 
as Mr. Bevins, the Postmaster 
General, said recently: ‘This com- 
puter has allowed us to cut by 
two-thirds the time taken to obtain 
the key facts we need to keep our 
stock of 30,000 different items of 
engineering stores adequately, but 


ELECTRONIC ENGINEERING 


not more than adequately, re- 
plenished.’ 


An I-C-T computer 
can help your business, too 


It can make your wires hum faster 
by directly assisting your manage- 
ment and financial accounting, 
production control, or whatever 
your particular problem may be. A 
computer is certainly a major 
investment; but the dividend it 
pays is enormous. 


INTERNATIONAL COMPUTERS 
AND TABULATORS LIMITED 


for Britain’s most widely 
used commercial computers 


149 Park Lane, London W1 


JUNE 


1960 


| 
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Another 
outstanding 
new 
Ediswan 
valve 


with a CV4000 specification 





Here is a new special quality Filamentary Beam Tetrode with a 
really low anode voltage, for use as an RF Power Amplifier at 
frequencies up to 100 Mc/s. 

Instantaneous filament heating enables the valve to be switched 
off during non-duty periods, which makes it particularly suitable 
for use in battery operated portable equipment. Its specially 
rugged construction enables the valve to withstand continuous 
vibration at 2.5 g and a short duration shock of 500 g. 


MAIN PARAMETERS ARE AS FOLLOWS:— 
Filament Voltage (volts) 2.5 or 5.0 
Filament Power (watts) 1.15 


Vv, (max) Anode Voltage, maximum (volts) 150 


Vien tuttaMe screen Voltage, maximum (volts) 150 


8 Mutual Conductance (mA/V) 43 


a (max) Anode Dissipation, maximum (watts) 5.0 


Associated Electrical industries Limited 
Radio and Electronic Components Division 

industrial Valves and Cai.:iode Ray Tubes Department 
155 Charing Cross Road, London, W.C.2. 

Telephone: GERrard 8660 Telegrams: Sieswan WestcentLondon 


CRC 16/11 
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R-C Oscillator Type TF 1101 


A compact general-purpose oscillator 
giving a low-distortion output of § watt 
max. into 600 ohms. Frequency range 
20 c/s to 200 kc/s. Output level indicated 
by panel-meter and calibrated attenuator. 
A band-pass filter provides for a I-kc/s 
output of very low distortion 


Distortion Factor Meter Type TF 142F 


Measures total spurious content, up to 
30 kc/s, of inputs within the fundamental 
frequency range 100 c/s to 8 kc/s. Distor- 
tion measurement range: 0.05 to 50%. 
The input can be at any level between 
500 mV and $00 volts 


Audio Tester Type TF 894A 


The TF 894A covers from 50 c/s to 27 
kc/s. It comprises a heterodyne oscillator 
and 0- to 50-dB, 600-ohm attenuator 
combined with a three-range a.c. volt- 
meter which is available for external use. 
Output: 2 watts maximum at 600, 15, 
and 3 ohms. Voltmeter ranges: 80, 8, 
and 4 volts full-scale. 


A.F. Power Meter Type TF 1347 


A sensitive, accurate, direct-reading ins- 
trument. Its ten power ranges, covering 
10 4. W to 6 W, and 54-inch meter provide 
excellent discrimination. Impedance 
range: 2.52 to 20kQ in 11 steps. Fre- 
quency characteristic substantially flat 
from 56 c/s to 20 kc/s 


A.F. Power Meter Type TF 893A 


A wide-range absorption-type power 
meter for use in the frequency range 20 
c/s to 35 kc/s. The power measurement 
range is 20 u.W to 10 watts and the input 
impedance can be set to any of 48 differ- 
ent values between 2.5 ohms and 20 kQ 


Wave Analyser Type TF 455E 


Gives amplitude and frequency of indi- 
vidual components of either audio signals 
or the modulation envelopes of r.f. signals 
up to 500 Mc/s. Its a.f. range is 20 c/s to 
16 kc/s and its amplitude measurement 
range is 30 1V to 300 volts. 


PRECISION AUDIO MEASUREMENT 


Measurements of audio performance to modern standards 
call for the very best in test equipment. Marconi’s offer an 
unrivalled range of instruments to meet the most exacting 
requirements at every stage in the design-production 
cycle. From first evaluation of laboratory models to 

final testing in the factory, and maintenance in the field, 
there is a Marconi instrument to meet the need. 

For full details write for leaflets J172. 


Please address enquiries to 


MARCONI INSTRUMENTS LTD., at your nearest office: 
London and the South ; Marconi House, Strand, London, W.C.2. 


Telephone: COVent Garden 1234 


Export Department : Marconi Instruments Ltd., 


Midlands; Marconi House, 24 The Parade, Leamington Spa. Telephone: 1408 
St. Albans, Herts. Telephone: St. Albans 56/6! 


North: 23/25 Station Square, Harrogate. Telephone: 67455 
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A FULL RANGE OF A-C.& D.C. 


SOLENOIDS 


lilustrated technical data sent on request: 
ELECTRO METHODS LTD., General Products Division, CAXTON WAY, STEVENAGE, HERTS. 
Telephone: Stevenage 2110-7 
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The Giant Tortoise—renowned for its longevity. 


a= 


mmiOl, 
Dy AINnie 


Se: 


GET103 Failure Rate is only 0.06% in 1,000 hours! 
5,000 GET 103 transistors—random samples from regular production— 

have been submitted to electrical life test. Up to the end of 1959 only three 
catastrophic (inoperative) failures had occurred, indicating a failure rate of 0.06% 
per 1,000 hours. Some of these tests continue to run indefinitely, and we 

are thus building up life information for periods of many thousands of hours. 


Transistors can also show changes in electrical characteristics during life: 
gain and leakage currents are the parameters most likely to change, but the 
precise operating conditions determine the extent of the changes. Our life tests 
show that after an initial “settling-down” period, the subsequent rate 

of change in the characteristics of G.E.C. transistors is extremely small, 
indicating that they will continue functioning satisfactorily for 

tens of thousands of hours. 


SEMICONDUCTORS 


For full information on these and many other types, please write to:— 
G.E.C. Semiconductor Division, School Street, Hazel Grove, Stockport, Cheshire. 
Tel: Stepping Hill 3811 or for London Area ring Temple Bar 8000, Ext. 10. 
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4 
Furnaces 


a 
F the special fi ired i lec- . ° 
wonie work the sania of leoding eaneiatnsen in i Sp ec ial ly des Lg ned 


the industry have turned to Royce. Being specialists § 
in furnaces for individual requirements, Royce have g fo r the 
1 


wide experience in adapting proved basic designs to 

the particular a ag of different manufacturers. e 
However unus the application, Royce will be J 

pleased to submit a drawing and specification, and e e ctro nN i] C 
pon readily co-operate with customers, in strict A 

confidence. 


i. 
Royce equipment ranges from low temperature ovens d t 
to furnaces operating at temperatures up to 2,000 C. i 1 i } U ~ if 


May we discuss your heat treatment problems 


with you? 
Platinum and platinum/rhodium tube 
furnaces with impervious inner tubes 





High temperature hydrogen tube furnaces 





: 


Silicon carbide resistor furnaces for 
batch or continuous loading 


Bell type furnaces for use with 
controlled atmospheres or vacuum 


ape 





ROYCE ELECTRIC FURNACES LTD 


Tel. Walton-on-Thames 21206 
Sir Richards Bridge, Walton-on-Thames, Surrey 
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are done with 


Microwaves 


RADAR : Fire Control 


Navigation of Aircraft and Small Ships - Automatic Landing - Missile 


Guidance + Transponders e COMMUNICATIONS: Multichannel Radio Links for telemetering 


Data and Speech ¢ VALVES: Klystrons and Magnetrons for 35/GCS and 75/GCS bands - Monitor 
Diodes for 1/GCS to 35/GCS e INSTRUMENTS : Comprehensive Waveguide measuring circuits 


covering 6 to 75/GCS e 


E{LIOTT 


RESEARCH: Outstanding Research and Development of the latest techniques. 


COMMUNICATIONS DIVISION - RADAR DIVISION - VALVE DIVISION 
MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT BROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTFORDSHIRE - ELSTREE 2040 
AIRPORT WORKS, ROCHESTER, KENT. - CHATHAM 4/4400 


Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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BOLT FIXINGS 


With RAWLBOLTs a bolt fixing job is 
done in minutes, as against days by 
earlier methods. Simply drill the 
hole, drop in the RAWLBOLT, put 
into place the unit to be held, tighten 
up and the RAWLBOLT is ready to take 
the maximum load that the bolt, or 
the material into which it is fixed, 
will stand. 

For extremely wet or corrosive 
locations, use Rawlplug Caulking 
BOLT ANCHORS; for securing metal 
threads in masonry—RAWLTAMPS. 
Where fixing points can be pre- 
determined before pouring concrete, 
use CEMENT-IN SOCKETS, thus obvia- 
ting the need for hole-boring. 


SOLVE 

YOUR 
FIXING 
PROBLEM 
WITH 
ONE OF THE 

























































































SCREW FIXINGS 


For making neat, absolutely firm 
screw fixings in masonry, indoors or 
out, the famous RAWLPLUG is still 
vastly quicker and more efficient 
than any alternative method. Rawl- 
plugs are waterproof and quite 
unaffected by climatic conditions. 
They are available for all screw sizes 
up to }” diameter Coach Screws. 
For fixings that are to be subjected to 
high temperatures, or in under-water 
conditions, use WHITE BRONZE PLUGS 
with stainless steel or cadmium 
plated steel screws. For fixings 
subject to corrosive fumes or liquids, 
use Rawlplug LEAD SCREW ANCHORS 
with stainless steel screws. 
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However tough or awkward the 
material into which you want to fix, 
or difficult the problem, there will 
be among the 21 TYPES OF RAWLPLUG 
FIXING DEVICES, the right answer. 
Speed and simplicity of application, 
reliability and complete security, 
coupled with the RIGHT solution to a 
problem, are the foundations of the 
RAWLPLUG FIXING TECHNIQUES. 

A comprehensive catalogue showing 
these fixings in detail, together with 
their application, will gladly be 


forwarded to you on request. 


CAVITY FIXINGS 


The RAWLNUT—an ingenious device 
for fixing into any hollow materials. 
Inserted and fixed from the outside, 
it forms its own anchorage within 
the cavity; and provides a vibration- 
proof, watertight and AIRTIGHT 
fixing. In addition a type can be 
supplied to give adequate protection 
to the screw IN THE CAVITY. 

SPRING TOGGLES make firm fixings in 
thin and structurally weak materials 
such as plasterboard, ceilings, etc. 
The wings of the device spring apart 
behind the material and spread the 
load. GRAVITY TOGGLES, for use in 
hollow wall materials, position their 
toggles by the action of gravity. 











THERE ARE 21 DIFFERENT TYPES OF 


FIXING 
DEVICES 


and an all-inclusive range of high performance 
hole-boring tools, hand or power. 


THE RAWLPLUG COMPANY LIMITED - 
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CROMWELL ROAD °* 


LONDON, S.W.7 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 


Overhead door wheel with great savings 





*K 


1 SALTER 


ELIMINATES 





drilling 3 rivet holes 
RETAINER 


riveting washer 
cuts unit 


‘| punching washer 
THE OLD WAY Overhead door wheel cost 
flushing held in wheel by three rivets. Diffi- 
cult to position rivet holes and many rejects. washer, spacer, rivets 


Rivets would k loose in use. ° 
ivets would wor by 44, 


CUTS COST OF 
and 


inserting bushing ‘O1 
eliminates 








inspection 14 





3 operations 




















wheel, bushing, rivet 3:45 
and 


i SALTER RETAINER TOTAL SAVING WITH 


5°25d 5 parts 


SALTER RETAINERS 
THE SALTER WAY A Salter Self-locking 
Retainer which requires no groove, replaces 
three rivets, a spacer and three press opera- 
tions. Cuts cost and manufacturing time 
and gives a better and cheaper product. 








NEATER ~ MORE POSITIVE ~ PERMANENT RETAINING” 


C) Circlips €) Fasteners ( ) Retainers 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 
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in every aspect of industrial contro! involving 
electrical and electronic equipment 





Designers and manufacturers have been quick to 
appreciate the advantanges of T.M.C. ZETTLER 
RELAYS. The number of applications for which 
they are used increases daily. They give utmost 
reliability and handle power from microwatts to 
kilowatts. Where space is limited, their choice is 
destined to become a matter of course. 


There are T.M.C. Zettier Relays — 


Y With gold flashed contacts to give maximum 
reliability. 


- 4 With injection moulded nylon lifting pins 
to give high stability. 


a With a wide range of operating coils. 


Please write for illustrated literature 





Y With plastic covers for protection in transit 
and to keep out the dust when installed. 


Y Which accommodate mercury tubes for 
switching large loads. 


wv With latching features. 

With twinned contacts. 
SY To MIL specifications as used by NATO. 
The three T.M.C. Zettler Relays illustrated—acTuaL 


SIZES—are examples of the many types available. 
They extend T.M.C.’s already wide range and make- 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division B - Hollingsworth Works - London SE21 - Telephone: GiPsy Hill 2211 
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Silicone-Glass Laminates 


KEEP LOSSES DOWN 


over a wide range of frequencies 


Silicone resin-bonded glasscloth laminates have excellent dielectric 
properties over a wide frequency range, low water absorption, 
excellent arc resistance and thermal endurance that permits 
operation up to 250°C. 

An important feature of these laminates is that they retain high 
insulation resistance under humidity cycling. 


Silicone-glass laminates are made as flat sheets, as tubes and in a 
variety of shapes. They can be machined without difficulty 
provided tungsten carbide tools are used and the cutting edges 
are kept very sharp. They may also be cut with abrasive disc 
machines. 


Applications include: printed circuits, coil formers and as 
supporting or separating materials in all kinds of electrical and 
electronic equipment. 


Typical Properties of Silicone-Glass Laminates 


eeeeeeeeeesese 


Specific gravity 

Tensile strength, Ib/sq in 

Flexural strength, ib/sq in 

Water absorption after 24 hrs immersion, % . 
Power factor at 10%c/s 

Permittivity, at 10°/s 

Electric strength 4” thick, V/mil 





The properties and applications of silicone-glass laminates are dealt 
with more fully in our booklet L 18 — please write for a copy. 


(US) MIDLAND SILICONES LTD 
(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 

first in British Silicones 

68 KNIGHTSBRIDGE - LONDON - SW1i1 - TEL: KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham * Glasgow * Leeds * London * Manchester 


Agents in many countries 
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POVVER 
TRANSFORMERS * 


are included 

amongst the 7oo 
standard transformers and 
chokes listed, priced and 
fully described in the 
NEW 


loose leaf catalogue 


Every copy of this catalogue, which has been 
prepared specially for industrial and research 
establishments, is numbered and registered 
in the name of the holder. It is regularly 
brought up to date by the supply of amend- 
ment sheets covering every addition to 
Gardners’ standard ranges. Please apply on 
the Company’s or the Establishment’s official 
letterheading. For other users, a catalogue 
covering the full Solent and Miniford series 


also auto, isolating and low voltage applications. 
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is available on request. 


Please write for catalogue to 


GARDNERS RADIO LTD. SOMERFORD, CHRISTCHURCH tel 1734 
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* No larger than the average 
cuff- link 


k—.78” —s| ) Si 
ACTUAL SIZE x New mechanism has mechanical life 


it New of at least 10 million operations 


Uitte * Three types of solder terminals available 


x Comprehensive range of auxiliary actuators 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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NEW Marconi 10 kW Band 1 Television Transmitter 


TYPE BD 371 





























THIS NEW 10 kW VISION 
TRANSMITTER TYPE BD 371 
IS DESIGNED FOR USE WITH 

THE BD 325C 2 kW OR THE 
BD 325A 5 kW 
SOUND TRANSMITTERS 





Suitable for unattended operation. 
Adapted for parallel operation. 
Minimum floor space requirement. 
No underfloor ducts. 

Low cost installation. 


Minimum number of RF stages. 


MARCONI 


COMPLETE SOUND 
AND VISION SYSTEMS 





MARCONI’S WIRELESS TELEGRAPH COMPANY 
LIMITED - CHELMSFORD - ESSEX * ENGLAND 
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Bullers cERAMICS 


FOR INDUSTRY 





High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 


FREQUELEX 
for high-frequency insulation 


PERMALEX 
& TEMPLEX 


for capacitors 


BULLERS LIMITED 


Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Biullers, Stoke-on-Trent 


lronworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 169! 
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Overleaf we show, in easy reference form, the stimulus 
which Solartron is giving to every field of 
human endeavour today. This can only be a 
hricf outline —but the responsthle businessman owes 
it to himself to be well-informed 


on the exciting potential of electronics, the accelerator 
of progress. bach step forward in electront 
technique or application spark s off a chain reaction 


of inventiveness and progress in every industry. 








COMPUTERS 


26) INSTRUMENTS 


SOLAKTS 


eh)! | jueee’ “ry | Liha 
Learn here how Solartron ts accelerating progress, II I tH tH 


cutting costs and solving problems in your field ! 
Advanced modular construction ‘Space’ 
series computers ranging from the $—amp- 
lifier Analogue Tutor, through ‘ Minispace’ 
*90’—and 


A complete range of precision measuring 
instruments, oscilloscopes for every applic- 
ation; dynamic analysis equipment ; digital 


AUTOMOTIVE 
& TRANSPORT 


MATERIALS 6 
MANUFACTURE 


PESED CH 7 
EDUCATION 


TL 


| 


Telecommunications 
Radio 

Television 

Facsimile 
Teleprinting 

Radar & Sonar 


Aviation 
Railways 
Shipping 
Roads 
Spacecraft 


Nuclear 
Water 
Electricity 
Gas 

Steam 

Solar 

IC Engine 
Gas Turbine 


display instruments and both conventional and ‘Space 30” to ‘ Space 60’, 


and transistorised power supplies 


Line and radio link power 
measurement; a.f., and r.f. ampli- 
fier testing; precise calibration; 
vectorial measurement and oscil- 
lographic, metered or digital dis- 
play; microwave test and power 
supply instrumentation 


Vibration analysis and display; 
evaluation of aircraft and auto- 
motive servo systems; testing of 
mobile electronic equipment; 
design and development of power 
controls, instrumentation of re- 
search vehicles and guided 
weapons. 


Instrumentation for supply test- 
ing and visual display. Stabilised 
conversion (AC-DC), and battery 
replacement (transistorised) 
bench units and sub-units. Vec- 
torial measurement and analysis 
equipment. Test instruments for 
gyros, synchros, and servo- 
mechanisms. 


measuring instruments and 
Reliable, constructed, 
functionally designed and utilis- 

ing the most tp-sode design 
pr Retr 


lorger special-purpose mochines 


Synthesis and evaluation of net- 
works; repetitive test of simu- 
lated systems under programmed 
conditions; design evaluation of 
overhead transmission equip- 
ment; solution of dynamic traffic 
loading problems 


Servo system, suspension and 
power transfer system simulation 
and evaluation. Solution of 
aerodynamic, hydrodynamic and 
allied linear and non-linear pro- 
blems of advanced nature. In- 
vestigation of fuel or gas flow and 
throttling in jet and turbine 
engines. 


Simulation of nuclear reactor 
controllers and basic reaction 
processes. Investigation of re- 
actor thermodynamics and 
kinetics. Determination of critical 
and runaway conditions. Syn- 
thesis of power transmission 
networks. 


Derivation of future national and 
international business trends by 
analogue simulation based on 
known information and laws of 
economic inter-relationship. 
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DATA HANDLING 


Precision, ultra-high temperoture pressure 
transducers ; data logging, conversion, dis- 
play and high-speed print-out equipment ; 
industrial mu!ti-channel magnetic tape re- 
corder reproducer systems 


Transducers used by 
Bristol Aircraft in 
developing T.188 


Data logging from vest rigs of 
multiple variable parameters; 
high accuracy magnetic recording 
of local or telemetered data from 
aircraft or missiles; strain and 
pressure measurement instru- 
mentation; high-speed digital re- 
cording from test rigs and proto- 
types. 


Continuous monitoring of sup- 
plies—electricity, water, gas, 
compressed air, etc. Digital log- 
ging for permanent record, 
digital display for remote super- 
vision and control. Precise pres- 
sure measurement under ex- 
treme conditions. 


PATATAPE 


RADAR Simulation 


Training, tactical and special-purpose evalu- 
atory radar simulators having the highest 
degree of display authenticity. For advanced 
training in, and appreciation of, military, 
naval, A.T.C., of marine navigation radars 


Air traffic contro! training and 
evaluation of new systems, train- 
ing of air force, naval and mer- 
chant marine radar operators and 
controllers. Tactical training in 
manoeuvre or combat-air, sea, 
or combined operations. 


RADAR SIMULATOR 


BUSINESS Machines 


TTT yee 


ERA, Electronic Reading Automaton, reading 
business information directly from original 
documents. Cybernetic-principle machines 
for accelerated training in manual co-ord- 
ination processes 


Accelerated training of morse 
Teletypesetter and 
operators by 
training machines 

recognition of printed data fo 
transmission serially in any forn 


teleprinter 
other cybernetic 


High-speed 


over existing telecommunicatic 
or radio links 


Reading of p.s.v. ticket tally rolis 
for central data processing, pro- 
viding traffic analyses and cash 
return information to operators 
in a fraction of the time pre- 
viously required. 


High-speed reading of tally rolis 
from public utility meter readers 
—gas, electricity, water. Pro- 
vides more immediate and con- 
centrated record for accounts 
and control needs, direct input 
information for computer assimi- 
lation. 


High-speed serial reading of 
printed or typewritten charac- 


struction. Unsuitable pupils 
quickly assessed thus improving 


AUTOMATION 


& Process Control 


X-Ray Spectrometer—for continuous, o 
curate non-destructive analysis 
Checkweigher for precise pockaging on 
trol programmed actuators 
warehousing order-filling equipment 


Electrons 


automati« 


X-RAY SPECTROMETER 


Control of transport fleet over- 
haul schedules by routine spec- 
trometric analysis of IC engine 
oil, thus assessing accurately the 
wear of bores and bearings. 


High-speed electronic weighing 
of packaged foods, etc., at races 
of up to two per second; auto- 
matic warehousing for inszi- 

' wholesale or retail 
appiication—input demand ren- 
ders listed items available inside 
fifteen seconds. 











OYOTEMS GAPABILITY 


It must be apparent from the pattern of the preceding pages 
that Solartron product lines are inter-related and complemen- 
tary in application, 

Continuous research and applications engineering in all these 
fields gives Solartron, now, a unique insight into present-day 
and future requirements of industry, resulting in a really 
soundly based systems capability—ability of the highest order 
to judge and advise in terms of tomorrow, to see the whole 
picture and do the whole job. 


WHAT A ‘SYSTEM’ DOES 


A ‘system’ is a purposive interconnection of electronic and 
other units, working together to solve a problem or to effect 
precise control in a specified way. Parts of an electronic system 
are concerned with measurement, others record, compute or 
compare. There may be—as in a controller which optimises a 
process—no visible output; or, for another application, 
measurements may be printed-out at a hundred a second. 
However the job is done, electronics gives you closer control, 
faster presentation of information, points up trends—gives 
timely warning of deviations. In the sphere of training, elec- 
tronics is essentially impartial, flexible—a dozen blocks ahead 
of human teaching; for communicating information electronic 
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. What SOLARTRON can do 
\ a ae | 


ae # 


~ =- 


techniques are instant and error-free. Learn how your industry 
can use electronics—ask Solartron. 
CLOSING THE GAPS 

Solartron, in addition to continuously programming expan- 
sion in the field of precision measurement and display, have 
repeatedly ‘broken through’ in research; in ‘ERA’, to clear the 
bottleneck at digital computer inputs; in ‘SAKI’, which uses 
advanced cybernetic principles to speed operator training— 
plus a host of advances in magnetic recording, analogue-to- 
digital conversion and very-low-frequency dynamic analysis 
Tiny pick-offs which faithfully transmit intelligence under 
extreme conditions are in production at Farnborough by 
methods which give new meaning to the word precision. Radar 
simulators, automatic X-ray analysers, high-speed printers and 
a new generation of ‘learning’ machines too, are in production 
in this ultra modern manufacturing plant. 

Whatever the skills and types of ‘know-how’ needed to find 
the best solution to a systems problem, benefit from continuous 
cross-fertilisation of ideas—talk to Solartron experts inO & M, 
data processing, mass manufacture and process control, auto- 
mation, computing, simulation or training. Then let us advise 
you, whatever your industry, on the best solution to the 
measurement and control problems you see ahead. 


enquiries should be addressed to THE SOLARTRON ELECTRONIC GROUP LIMITED 
Victoria Road, Farnborough, Hampshire. Telephone: Farnborough (Hants) 3000 


COMMUNICATIONS 


W 


>] - 


cut this out and send NOW 


to the MAILING LISTS Supervisor 


THE SOLARTRON ELECTRONIC GROUP LIMITED 
45 Thames Street, Kingston-on-Thames, Surrey 


I would like to receive future Solartron publications 
dealing with the subjects I have ticked opposite. 
Name. 

Position Held 

Company (Name and Address) 





Oscilloscopes Power 
Supplies 


Instruments 
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A special project, being the result of 
special thought, demands a careful choice 
of materials. The four cooling oil jackets 
- of the R.F. particle accelerator—part of 
S pecial the 7 GeV proton synchrotron sited at 
the Rutherford High Energy Laboratory, 
* Harwell—have to be structurally strong 
Project but non-magnetic. Each has to carry 
3,000 Ibs of ferrite core in oil at 9 p.s.i.g. 
The choice was glass cloth/epoxy resin 
laminates moulded by Marston. 
Marston's experience proves that reinforced 
plastics, used appropriately, are better, 
cheaper and weight-for-weight stronger 
than equivalent constructions in metal. 
And they combine resistance to fire and 
corrosion with electrical and thermal insulation. 


Reinforced plastics could solve your design problem 
—why not consult us now ? 


MARSTON EXCELSIOR LTD 


(A subsidiary company of Imperial Chemical Industries Limited) 


FORDHOUSES, WOLVERHAMPTON 


MAR.271 
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Electric Furnace 


type K 25 B 


Control Unit 
Type C 8 


The advantages of the platinum-wound 
resistance furnace as a source of controlled 
high temperature are fully realised by the 
JMC Model K range of furnaces. A series 
of data sheets describing both furnaces and 


control units is available on request. 


Information regarding the properties of the 
platinum metals and their industrial 


Johnson q applications is always available 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.I 


Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79, Eyre Street, Sheffield, 1. Telephone: 29212 
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Tine AisO 


—-HEAWYVY DUTY MULTI-CIRCUIT 
A.C. SWITCH 150 amperes 
at 650 volts on each 


moving contact This isa slow-make-and-break On-Load 
switch but is, of course, equally suitable for Off-Load duties. Its design is 
essentially similar to that of the other Austinlite rotaries. The moving contacts 
are rollers bridging pairs of fixed contacts. For on-load switching the rollers 

are Elkonite. The fixed contacts have silver contact faces },” thick. 

For off-load duties the switch is rated at 300 amp. per moving 

contact and the rollers are of silver plated copper. 

The indexing mechanism follows the recognised 

Austinlite pattern and thus ensures 


a long life of continuous service. 


4 


WS 
x Z 
Ni 


Mid 


* Contacts are open to immediate visual inspection and the switching 


sequence can be seen at a glance. 


* Each group of fixed contacts is mounted on a common bar which can be 
removed for cleaning or for replacing contacts. 


* An A5O, A30 or an Al5 switch can be mountéd in tandem for switching ROTARY SWITCHES 


auxiliary circuits. 


* Fixed contacts can be mounted anywhere on the bar so that creep Custom-Built by 


distances can be increased and high voltage switching made possible. 
STONE-CHANCE LTD. 


(Makers of Sumo Pumps and 
Stone-Chance Lighthouses). Crawley, Sussez. 


* Mechanical interlocking can be provided. 


A quick-make-and-break D.C. version of this switch, identical except for 
the indexing mechanism, will be available shortly. 
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Precision products... 
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HE THIRD of a new series 
of feed-through insulators, 
- the HARWIN W7002 is similar to the 
ultra-small W7001 with the addition of 
a 4BA thread to the moulded Alkyd body. 
The insert is hot tinned solid brass am 
carrying a current of 2 amps at 500 volts. 
Temperature tolerance up to 100°C 
for short periods, 85°C continuously. 


for quality components 


CLARWIN ENGINEERS LTD 


RODNEY ROAD PORTSMOUTH HAMPSHIRE Telephone PORTSMOUTH 35555 
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IMAGE ORTHI 


provide better picture quality than ever 
previously attained. Pioneered, developed 
and manufactured by English Electric Valve Co., 


suppliers of Image Orthicons to the world. 


"ENGLISH ELECTRIC 


AGENTS THROUGHOUT THE WORLD 





cee A Ty \\ Chelmsford, England 
ENGLISH ELECTRIC VALVE 0. LTD. | Tebushinet"Onatuaatend 008 
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Hughes International (U.K.) J Ltd. offers 


QUICK RECOVERY 
SILICON JUNCTION DIODE! 


DESIGN ENGINEERS —Now available for your use—a family 
of silicon junction diodes especially designed to provide 
significantly faster recovery characteristics than even 
germanium computer diodes and, in addition, capable of 
operating at high voltages and high temperatures 


Excellent high-frequency characteristics of these diodes 
enable you to use them instead of vacuum or germanium 
diodes in such applications as: flip-flop circuits, 
modulators and demodulators, discriminator circuits, 
clamping and gating circuits, detectors. Whenever you 
need a diode for pulse or computer circuitry to perform 
under conditions that are marginal for vacuum or 
germanium diodes, specify these QUICK RECOVERY 
Silicon Junction Diodes 


Other important semiconductor products available to you 


include: gold bonded germanium diodes, silicon computer 
diodes, silicon transistors and silicon rectifiers 


With a wide variety of germanium and silicon types 
available tor computer and other tast switching 
applications, we are in a position impartially to recommend 
the best type tor your particular requirements. Our field 
sales engineers are ready to assist you in making the best 
possible selection. For further details and specifications 
covering the QUICK RECOVERY silicon Junction Diodes 
and other semiconductor products, address inquiries to 


Hughes International (U.K.) Ltd. 
Kershaw House, Great West Road, Hounslow, Middlesex 


QUICK RECOVERY SILICON JUNCTION DIODES 


Specifications (at 25°C unless otherwise noted 











400 KqQ) ( 
} 
| 400 KQ 
+ 
| 400 KQ2 ( 
} 


f | 400 KQ (min) i 
+ 








| 400 KQ. 








*Breakdown voltage at curre 
**Measured in moditied IBM "'Y" test corcuit when 
forward current to —39V 











HUGHES INTERNATIONAL 


A DIVISION OF HUGHES AIRCRAFT COMPANY. U.S.A. 
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A bank called M.I.P. 





The M.1.P. Bank is not one of the big five banks. It is a stock bank designed 
solely to assist the customer. 

Thus, when special Pullin instruments are required for a lengthy production 
run a standby supply is ‘banked’ by M.I.P. against the customer's future 
requirements. This ensures that demand is always met and that the manu- 
facturer's works programme proceeds smoothly. 

lf your business entails long production runs and involves measuring 


instruments, why not contact us? The M.1.P. Bank could work for you, too. 


PULLIN FOR PRECTOION 


MEASURING INSTRUMENTS CPULLIN) LIMITED 
Electrin Works, Winchester Street, London, W.3. ACOrn 4651 & 8801 


London Showrooms: 
Electrin House, 93-97 New Cavendish Street, London, W.1. LANgham 4551-6 
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The NEW Painton 
subminiature 
resistor type 70 


// 


ACTUAL SIZE 


ELECTRONIC ENGINEERING 


This Resistor has been developed to meet the 
demand for a high quality, subminiature component 
for miniaturised equipments, particularly in 
printed circuit and transistorised applications 
where space is at a premium. The leads are 
pre-tinned to facilitate dip-soldering. 


Resistance 4.7 ohms to 330K ohms. 
Range: (preferred values). 


Tolerance: 5%, 2% and 1% (up to 100K ohms). 
Rating: 4 W at 70° C. 


Voltage AC: none within rated wattage. 
Limitation: DC: 150 V. 


Painton & Co. Ltd. 


KINGSTHORPE - NORTHAMPTON 
Tel: 34251 (10 tines) - Grams: ‘Cell Northampton’ 
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&.G.C. LipucTiag: DIGITIZERS 


no slip rings 
no commutator 
no photocells 


THIS ENTIRELY NEW type of transducer, for use in digital data 
handling and computer systems, gives a numerical representation of 


§ PAPAL LIAL ADAP AP ADAP AD ADL AD APA AI AP AP AP AL AL AP A PIAL AL APA PAI AAPA 
§ 
the position of a shaft or slide in the form of coced electrical signals 


SPECIFICATIONS 


without the use of slip rings, commutator or photocells. TYPE LD5-2 TYPE LB5-3 


Basically the digitizer is a transformer with a single exciting wind- Mechanical Input Shaft rotation Shaft rotation 
ing and a number of secondary windings corresponding to the number 
of digits. The position of a moving yoke determines the polarity of 


§ Code 5-digit cyclic binary 5-digit cyclic 
; : ; * wer % 
coupling between the exciting winding and the various digit windings, 2 
§ 
8 
& 


coded decimal binary 


Resolution 1 in 20 fora 1 in 32 fora 


which are arranged to conform to the requirements of the code. Either sin. le instrument single iastrument 
pulse or sine wave excitation can be used. 

° ; if . Frame size Similar to a size Similar to a size 

Shaft digitizers can be operated in coarse/fine combinations, an § 11 synchro rt synchro 
additional winding preventing ambiguity between the digitizers. ; 

: . os J . ‘ Typical excitation 10 volts r.m.s, at 8 volts r.m.s, at 
Instruments can be supplied for 5-digit read-out in a size 11 standard 20 kc/s 20 kc/s 
synchro housing. The coding may be either in a binary form (type 
. . . ; 1 . , . Nominal output 1.5 volts r.m.s. 800 millivolts 

LB5-3) or in decimal form (type LD5-2). Other types of digitizer, e.g. mnaninnum r.m.s. maxienens 
those having a 7-digit read-out in a size 23 housing, are in an advanced British patent applications Nos. 11280|57 1051/59 and 105215! 
stage of development. an i tt tn tn ttn ttn ttn tn ttn to ton tans 


Ort ae 


Oram 





Please address specific enquiries and orders to: 
ELECTRONICS DIVISION 
The General Electric Company Limited of England 
FORD STREET - COVENTRY «- ENGLAND 
G.£.C. 30 
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‘ACCESS’ 


(Austin Cold-Cathode Electronic 
Switching System, made under licence 
from the Austin Motor Co. Ltd., and 
Hivac Ltd.) 


ACCESS, a static switching system 
using Cold-Cathode Tubes, possesses 


the advantage of self indication. 


MASTER CONTROL CUBICLE 


This control system 
is suitable for many 
applications including 
complex machine tool 
and conveyor installa- 
tions. 


Write for Technical 
Literature. 


TYPICAL APPLICATION—METALWORKING TRANSFER i 1ACHINE 


THE DONOVAN ELECTRICAL CO. LTD. 


(Electronics Division) 
SAFUSE WORKS NORTHCOTE ROAD : STECHFORD . BIRMINGHAM 33 
Telephone: STECHFORD 2277 (5 lines) 
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the ‘Professional’ tape 


for the professional user 

















cers eee es 


olelatere 


LBS 








EM! SALES & SERVICE 








Magnetic Recording Tape offering the highest 
technical standards. First choice of leading 
recording, broadcasting and television organisa- 


tions and widely used in science and industry. 


VIDEO 
Emitape for Video recording now being 
supplied to BBC and ITA. 


EMIFILM 

Sprocketed magnetic recording film designed for all 
applications where absolute synchonisation is required. 
16, 17.5 and 35 mm. Single or double perforation. 


EMITAPE INSTRUMENTATION TAPE 

Produced to the most exacting specifications and 
available in various standard widths. Electrostatic 
filtration down to a particle size of .00001 mms. ensures 
manufacture under cleanest possible conditions. 


(Recording Materials Division) . Middiesex . SoOvuthati 2468 


e8/ a/ 98 
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RELIANCE... ‘out the POINT 5 


x oo orbit 


\ vA hig PRINTED CIRCUITS 


a 
a 


ELECTRONIC 


TRANSISTORISED as WA COMPUTERS 


EQUIPMENT 


for COMMERCIAL CIRCUITS 


WHENEVER IT'S\A MATTER 


oF § PAGE... 


Whenever it’s a matter of space this new wire-wound 
potentiometer, of only 0.5 in diameter and weighing 
only 7 grammes, will eliminate your difficulty. 


FIVE STAR FEATURES 
%* ONLY 0.5 in diameter, 0.5 wattage rating 
and ONLY 7 grammes in weight. 


* A wide resistance range of 
10 ohms — 10,000 ohms. 


% Resistance accuracy of + 5°. as standard. 
%* High end stop torque. 
%* Facilities for increasing operating torque. 


Full electrical and mechanical 


details are given in Data Sheet No. 10 


Available in two versions, one for standard wiring 
circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 


available on request. 


RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED 
SUTHERLAND ROAD * HIGHAM HILL * WALTHAMSTOW - LONDON ° E.17 « Telephone No. (and for Cables) LARkswood 1118/9 





GD62 
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EXTRA HIGH 
SENSITIVITY 


instrument tube 5CLP!1 





THE FIVE-INCH instrument tube ABRIDGED DATA 
SCLPI has a deflection : -1 This is tentative. Final data is being prepared. 


sensitivity of 1.7V/cm with { S-inch flat faced 
a useful Y scan of 6 cm. _ ig | 

A special system of shielding is CAPACITANCES 

the post deflection field from MitoX, ... .. 25 pF 

the deflection plates in this PARE mo 

tube allows p.d.a. ratios as One X plate to all other electrodes 


high as 15 to 1 to be used less other X plat Gg 
> ; , One Y plate to all other electrodes 
without pattern distortion. less other Y plate 2.0 pF 
The extraordinary deflection 
sensitivity achieved with such 

: ; ‘ SHOWN IN DATA 
high p.d.a. ratios profoundly 1 and 2 
affects oscillograph design. to see how deflection sensitivity is maintained 
Bandwidths can be increased, over range of Va4 and Vas. 


amplifiers simplified and power 1 and 2 with 3 a 
for an illustration of a slightly lower sensitivity 


supply requirements reduced. condition giving higher brightness. 
Write to the address below 2 and 4 
for full details of ‘ Etel’ for the reduction required in Va4 potential to achieve 


Instrument Tube type SCLP1. higher writing speeds. 


precision oscillograph tube SCLP1. 


COMPARE CONDITIONS 


* P.d.a. ratios of 15 : 1 possible without TYPICAL ee eee 233 4 
pattern distortion. Vas 10kV 15kV 15kV 15kV 

* Sensitivity 1.7V/cm with useful Y scan of 6 cm. Vas 10kV 15kV 15kV 3kV 

* Sensitivity substantially independent of Va3 1kV 1kV 1.5kV I1kV 
final p.d.a. voltages from 10 to 15 kV. Va? for focus 250V 250V 375V 250V 

Vai 1kV kV 1.5kV 1kV 

Vg for cut-off —60V —60V ~90V —-60V 
fe : Deflection ¢y 1.7V/em 1.7V/cm 2.5V/cm 2.5V/cm 
* Versatility—by simply altering one potential the § é sensitivity (x 7V/em 7V/em 11V/cm 11V/cm 
SCLP1 may be converted from a very sensitive tube § : ps Line width Imm Imm <imm <imm 
to a higher writing speed tube—pulses may be first @& : Useful y 6cm 6cm 6cm 4com 
examined and then a single shot photograph taken. 3% screen wns’ x 10cm 10cm 10cm 6.6cm 


* High resolution—only 200 mV for a deflection 
of one spot-width. 








Regd. Trade Mork & 


ELECTRONIC TUBES LIMITED Cc AT H Oo D E 


KINGSMEAD WORKS - HIGH WYCOMBE 4 * 
BUCKS - TEL: HIGH WYCOMBE 2020 ry RAY T U B ES 
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a firm on 
complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 


The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 


MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 


They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 


I\'/ Kevet-Kemininiicael 


*Modac’ is a Registered Trade Mark 


for further information and a copy of the ‘Modac’ 
catalogue, please contact : 


Wiring & Connectors Division ¢ 
The Plessey Company Limited 


CHENEY MANOR - SWINDON - WILTSHIRE - SWINDON 6251 
Agents for British Commonwealth Countries: Plessey International Limited - Ilford - Essex + Ilford 3040 
@ mar 2 
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AE Il 
Silicon Junction 
Rectifiers 


* Resistant to shock and vibration 
* Completely reliable 
* Fully ‘tropicalised’ 


SOME OF THE APPLICATIONS: 
e Rectificaticn e Control 

e Magnetic amplifiers 

e Brushless alternators 

e@ Power packs @ Blocking duties. 


Ratings 


TYPE | PLY. | PAY. TYPE | PLL. TYPE | PLLV. TYPE | PLY. 


volts | volts volts volts volts 





MAXIMUM CURRENT 2s‘c 


0.7 amp. 1.0 amp. | 1.5 amp. * 2.3 amp. * | 10 amp. * 





sjosiB | $j052B SJOSIA 50 SJOS2A SLIOIA 
S}i0IB $}102B SJIOIA SJ102A SL201A 
S)J201B $J202B SJ201A 200 $J202A SL301A 
Sj301B | $J302B SJ301A 300 $J302A SL401A 
Sj401B | $}402B SJ401A 400 $}402A 
sjs01B SJSOIA 500 
SJ60IB | SJ601A 600 








MAXIMUM JUNCTION TEMPERATURE 
200°C | 120°C | 200°C 
* When mounted on suitable cooling fins. . . 

i Write for full details to: 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
VALVE AND SEMICONDUCTOR SALES 
LINCOLN, ENGLAND 
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attsornts By BB*#R=*" 











_ 


RELAYS 


LIMITED 


B. & R. make a wide range of standard relays from which 
some 15 million variations can be produced. 


And yet even that number doesn’t entirely meet the 
demand. We still (and most happily) produce many non- 


standard relays to customers’ specialist requirements. 


To help you and to enable us to provide prototypes much 
more quickly a special shop has been brought into 
operation. It will produce prototypes to customer's 


requirements within seven days. 


B & R RELAYS LTD - TEMPLE FIELDS HARLOW - ESSEX 


Telephone : Harlow 25231/4 


ELECTRONIC 


ENGINEERING 


Meriber of the Gas Purification Group 


JUNE 
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POST TOD 
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A.C. and D.C. Solenoids 

Warner Electric Brakes & Clutches 
Transformers & Chokes 

Coils 

Coil Winding Machines 

Small Motors 

Electronic & Amplifier Control Gear 
Westool Elcotron Eddy-Current Couplings 
Sparkless Switch 

Potential Indicators 

Air Conditioners & Dehumidifiers 


MR. 


NAME & ADDRESS OF COMPANY 


For technical literature, 
place a tick against those 
products in which you 
are interested. Complete 
name and address details 
below and post—no stamp 
is needed. 


ELECTRONIC ENGINEERING 


Malley - 


“ONainin 


WESTOO 
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Sound proposition for AMMONIA 


In their factories at Blackburn, Mitcham, Southampton and 
Waddon, Mullard Ltd. use |.C.I. ammonia and |.C.I. gas generating 
plant in the production of thermionic valves and semiconductors. 

In the automatic forming and coating machine, for example, 
radio-valve heaters are made to glow at high temperature 

in an atmosphere of hydrogen and nitrogen produced 

from I.C.I. ammonia. 


| C.1. ammonia is the source of hydrogen and nitrogen for many 
cther applications in the radio and television industry. 


1.C.1. ANHYDROUS AMMONIA 1.C.1. LIQUEFIED AMMONIA 
with a guaranteed minimum purity (industrial quality) is a cheaper grade, 
of 99.98%, is supplied as liquid in which normally contains at least 99.8% 
bulk, in two-ton containers, and in of ammonia. It is supplied in bulk 
cylinders. and in two-ton containers. 


A bulk delivery of ten tons of ammonia provides more than 


1 million cu. ft. of cracker gas 
or 14 million cu. ft. of nitrogen. 





Full information on request 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON 8.W.1 


BL.IS 
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ALOGUE WILL HOLD 
ITS SOLUTION! 


Remember—our vast range 

of Transformers is available 

for delivery from stock and 

is backed by our ‘By return 
Service’ 
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of the most experienced companies 


in the world have joined resources to found 


ASSOGIATED TRANSISTORS Ltd. 


a company devoted to making the world’s 


finest range of semiconductor devices 


Automatic Telephone & Electric Co. Ltd. 


and to apply the unique fund of knowledge 


The English Electric Co. Ltd. 


accumulated by these three organizations 


Ericsson Telephones Ltd. 


the Symbol of Reliability 


ASSOCIATED TRANSISTORS LTD - Stonefield Way - South Ruislip - Middiesex 
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customer 


operations 


See us on Stand D153 at the 
1.E.A. exhibition, Grand Hall, Olympia 
from May 23rd—May 28th 


ERICSSON 


ERICSSON TELEPHONES LIMITED 
ERS 


ELECTRONIC ENGINEERING 


HEAD OFFICE 


evidence... 


Modestly we claim that under suitable conditions this 
new miniature will give service in excess of I0 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to 12 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 


22 LINCOLN’S INN FIELDS LONDON W.C.2 


JUNE 


1960 
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VHF WAVE ANALYSER 


TYPE 248 




















an entirely new instrument 
for the Harmonic Analysis 
of Wave Forms 




















With the WIDE RANGE of 
5 Mc's to 300 Mc s in 6 bands 


AND OTHER POWERFUL 
FEATURES 


Long Scale—4 feet on each band. 


Accurate Attenuators 0.1 dB per 
step (0—70 dB). Two external 20 
dB attenuators provide—accuracy 
+0.3 dB. 


Low Harmonic Generation—enabling 
detection of 2nd harmonics to —55 
dB and higher harmonics to 70 
dB relative to fundamental. 


Three Alternative Bandwidths 
20 kc/s, 70 kc/s, 500 kc/s, A.M. and 
F.M. demodulation. 


I.F. Output at socket on front panel. 


Highly Stable—gain changes less 
than | dB for 10% mains variation. 


In instrumentation # l ear most things... better 


AIRMEC LIMITED: HIGH WYCOMBE ~~ BUCKS °: Tel: High Wycombe 2501-7 
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BRITISH 
DRIVER- 


HARRIS 


Manufacturers of precision resistors and potentiometers 
demand resistance wires so fine that they can hardly 

be seen. Some ask for wire with a high specific 
resistance. Others require a comparatively low specific 
resistance but it must remain constant with changing 
temperatures. Yet others call for wire with both a 

high and an unchanging resistance. 

Wires are required in various tempers and finishes, 

for example, hard-drawn, annealed, bright, oxidised, 
enamelled, enamelled and silk-covered—there’s no end 
to the variations needed for different jobs. Fortunately, 
there’s no end either to our ability to meet them. 
Superfine wires are produced from -002 in. (0-05 mm.) 
downwards in alloys which are famous, Nichrome,* 
Nichrome* V, Karma* and Advance®. Alloys which offer 
all the necessary resistance properties. Finishes which 
meet all requirements. It’s not surprising, perhaps, that 
our reputation in the superfine wire field is unique. 





Nichrome* & Nichrome* V Nichrome* (65/15 type 
nickel-chromium-iron) and Nichrome* V (80/20 type 
nickel-chromium) are the alloys most suitable where 
a high resistance is necessary and where the change 
in resistance due to temperature does not hinder 
satisfactory performance. 


Karma® This is essentially a modified 
80/20 nickel-chromium alloy, developed 


especially for the electronics industry, which 
combines a high specific resistance with a low 
temperature coefficient. 


Advance* Wires of this 60/40 copper-nickel alloy have 
a low temperature coefficient and a fairly high specific 
resistance—important properties in precision resistors 
which must have constant resistance over a wide 
temperature range. 


For further information write for Data Sheet No. |, a 4-page booklet 


containing comprehensive technical information. 


*REGD. TRADE MARK 


BRITISH DRIVER-HARRIS CO LTD 


JUNE 1960 


Cheadle Heath, Stockport, Cheshire 


ELECTRONIC ENGINEERING 





EE 22 108 for further details 


SMITHS 


Magnetic Particle 


COUPLING 


Smooth as a hydraulic coupling, but without 
the drag, positive as a friction clutch but never 
needing adjustment for wear, SMITHS magnetic 
particle COUPLING provides accurate 
control of torque without complications. It acts 
as a coupling or brake in either direction 

and can be remotely controlled from 

any distance. 

If your requirements include coupling units 
with torque capacities between 1/3 and 

200 ft/lb, let us advise you on the application 


of these units in your plant. 


' i\ ' 
\\iI : HN S$. SMITH & SONS (ENGLAND) LIMITED 


an INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. Telephone WITNEY 678 


ELECTRONIC ENGINEERING 108 JUNE 1960 





EE 22 109 for further details 
Reliable NEC replacement tubes 





VHF beam power tetrodes 


Each of the following NEC tubes is a 
direct replacement under all circum- 
stances for the corresponding type. 





NEC type | Type To Be 
Replaced 








4K150A 





4XS00A 


























6 166 





Production of high-power transmitting 
tubes began at NEC in 1933. A number 
of “firsts” marked these early years: 1933, 
first 15 KW short-wave transmitter tube; 
1934, first 100 KW standard broadcast 
tube; 1938, first 50 KW short-wave trans- 
mitter tube. In recent years, NEC has been 
following designs of U.S. Manufactures and 
concentrating on improving tube life. 


The most important improvements have 
been a new doped-nickel cathode material 
with high emission at low oxide evapora. 
tion rate, and non-sag thoriated tungsten 
filament material which has completely 
eliminated filament-grid shorts. NEC con- 
siders the life characteristic of its elect- 
ron tubes to be among the most favor- 
able in the industry. 


<CES> Nippon Electric Company Limited. toryo, sopen 


Components / Systems 
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CIRCUIT MAGNIFICATION METERS 





The ‘Q’ Meters Models T1 and T2 pro- 

vide a convenient method of making R.F. 
measurements of circuit magnification, induct- 
ance, capacitance and power factor at frequencies 
between 100 kc/s and 100 Mc/s. The two models 
are identical except that the Model T2 provides 
additional facilities for comparing ‘Q’ inductance 
and capacitance, and is most suitable for the 
production testing of coils. 


Modei Ti net price in U.K. £65 
Model T2 net price in U.K. £75 


Full technical details of model T1 in Leaflet No. C31 
and of Model T2 in leaflet No. C44. 


oe INSTRUMENTS DEVISEON Janie 
ROEBUCK ROAD * HAINAULT « ILFORD » ESSEX * TELEPHONE ! HAINAULT 4444 
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%* Direct reading of ‘Q’ Range 10-400 

% Frequency Range 100 kc/s - 100 Mc/s. 

% Rapid calculation of ‘L’ and ‘Z’ by 
scales incorporated. 

* ‘Q’ Comparison (Model T2 only) 

% Range 10%. 

% No ‘Set Zero’ problem. 








STANDARD INDUCTORS. TYPE QIOI. 


Consisting of 12 coils units covering inductance from 0.1 wH to 30 mH 
for use with the Advance ‘Q’ meters. Individually calibrated, these 
coils are ‘standards’ for the laboratory. 

Set of 12 Inductors in carrying case £42 Os. Od. net price in U.K. 
Individual Inductor £ 3 Os. Od. net price in U.K. 


Full technical details in leaflet No. C55 


ITGD72 
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) THE NEW SYMBOL OF 
1 SUPREMACY IN THE 


y INTERNATIONAL FIELD 
| OF ELECTRONIC 
, INSTRUMENTATION 


This new trade-mark symbolises the Cossor approach to your problems 
—you will see it on a wide variety of instruments: signal generators, LCR 
bridges, voltmeters, amplifiers, transducers, transistor testers, and a 
host of other equipment of advanced design, as well as oscilloscopes. 
It is your assurance of a flexible outlook brought to your problems, and 
of objective technical advice. It is the badge of an after-sales service 
equally concerned with you in the successful solution of your problems 
by Cossor instruments. 

It is your invitation to come to Cossor for the best possible electronic 
tools and service, 


Gossor Instruments Ltd 


COSSOR HOUSE, HIGHBURY GROVE, LONDON, N.5, ENGLAND 
Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, 
London. Cables: Cossor, London. Code: “Bentley's Second” 









































mr seese 


JUNE 1960 ELECTRONIC ENGINEERING 





EE 22 112 for further details 


“SYNCHRONOUS 
CHOPPER? TYPE CK3 








SOME FEATURES 


Low Electrical Noise (designed 
for high-impedance measurements) 


Contact Settings Readily Adjustable 
Small Size (Fits standard B9A valve base) 


Hermetically Sealed 


Associated Electrical Industries Limited 


INSTRUMENTATION DIVISION - Instrument & Meter Department 
Trafford Park, Manchester 17 
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- Dont Panic- 
DIAL 999 


the quick answer toyour problems 





VERNIER 








NON-SLIP KNOB 








MARK UP PLATE 








OPTIONAL 
LOCKING DEVICE 











AVAILABLE IN: 
3, 5, 10, 15, 20 Turn. 


Right price 
Right size 





Vernier accuracy to 1 part in 1,000. 
Non-slip knob, easily handled. 


White, matt vyback plate can be 
engraved to particular requirements 
or left blank for chinagraph mark-up. 


me 


st SI 
at 
2S, 
4 


Black knob fitted as standard—dial 
cover in bright nickel or satin chrome. 








% ae tte: vase 
he ore 


% on 
Bt . 

Se eee hy OS 
rae 


In other finishes or colour to suit 
individual requirements. 


er 
<i 








the dial you’ve been waiting for 


DIAL 999 ANSWERS ALL YOUR PROBLEMS OF PRICE, SIZE, 
READABILITY, ACCESSIBILITY & VERSATILITY! 


With or without locking device. 


P.X.FOXLTD., DEPT. 213 HAWKSWORTH ROAD, HORSFORTH, YORKSHIRE. Telephone: Horsforth 2631/2 
Telegrams: Toroidal Leeds. London: 104, Chisiehuret Road, Orpington, Kent. Telephone: Orpington 21031 





e 
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KENT ALLOYS LIMITED 


Manufacturers of precision-cast 

waveguide components for 

Aeronautical and Marine Navigation 

and approach equipment 

Castings of exceptionally fine surface finish 
and close dimensional tolerances are produced 
by our plaster processes in 

Aluminium, Magnesium, and 

certain Copper-based Alloys. 


Comprehensive machine shop facilities, 
allied with our foundries, enable us to 
supply fully machined and assembled 
units to your order. Our representatives 
and technicians would be pleased 

to discuss your casting requirements. 


KENT ALLOYS LIMITED 


ROCHESTER, KENT + Telephone: Strood 7674 


Birfield Industries Limited - London « W.1 


ELECTRONIC ENGINEERING 


MEMBER OF THE BIRFIELD GROUP 
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~then study this spot-on/Cossor tcr bridge 


This Cossor L C R Bridge 
enables you to measure 
inductance and capacitance 
more easily, quickly and 
accurately than any other 
bridge of comparable cost. 

Its unique feature is a special 
miniature cathode-ray tube 

that provides obvious 
discrimination between phase 
and amplitude out of balance, 
ensuring unambiguous 
readings. Just reduce the 
ellipse on the screen to be 
sure you're spot-on. Resistance 
is measured under DC 
conditions; this means you can 
also obtain the resistance 

of an inductance, 


= 


ey’ phase balance, 
pee 


——— OO 


Please send for full information and specifications 











Gossor Instruments Ltd 


COSSOR HOUSE, HIGHBURY GROVE, LONDON, N5 
Telephone: CANonbury 1234 (33 lines) 
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INSULATION RESISTANCE: greater than For low moisture absorption, high insulating qualities and 
20 x 10” ohms (measured at 500V d.c.) resistance to temperature, high stability ceramic valveholders are 
BREAKDOWN VOLTAGE BETWEEN the obvious choice, and Plessey offer youfa wide range at 
CONTACTS: greater than 3.5 kV d.c. attractive prices. This is because they have successfully overcome 
POWER FACTOR OF CERAMIC: better certain manufacturing difficulties with ceramic materials and can 
than 0.001 now pass on to you the advantages of economic production. The 

exclusive design of the contact ensures constant pressure and low 


CONTACT RESISTANCE: lessthan4 milliQ ; : ' 
contact resistance throughout the working life. 


CAPACITANCE VALUE: less than 0.5pF 
pin to pin at 1 Me/s. Write now for samples and prices. 





CHEMICAL AND METALLURGICAL DIVISION - COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER 
NORTHANTS - TELEPHONE: TOWCESTER 312 

Overseas Sales Organisation. 

PLESSEY INTERNATIONAL LIMITED * ILFORD * ESSEX * ENGLAND * TELEPHONE: ILFORD 3040 


reve 
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ferrites 
and 
laminates 


FORMICA* laminates — the finest quality made — 

are contributing to modern computer design. For example, all 

terminal panels and matrixes of this 1024 word ferrite core store by 

The Plessey Company Limited are produced from FORMICA GE.10 Epoxy Glass fibre 
laminate —a grade of exceptional mechanical and electrical properties with 
remarkable resistance to heat, moisture and chemicals. Another illustration 

of FORMICA's part in the electrical development of today. 


All FORMICA laminates are tested for quality, performance and reliability. 


FORMICA LTD 


for electrical insulation 


Paper, fabric, glass and copper clad laminates. Engraving and printed material 
A SUBSIDIARY COMPANY OF THE DE LA RUE COMPANY LTD. 
«.&, DE LA RUE HOUSE, 84/86 REGENT STREET, LONDON W.1 


*FORMICA is a registered trademerk 
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' THE INSTITUTION OF ELECTRONICS 























(Northern Division) | 
Fifteenth Annual Electronics and Instruments Exhibition and Convention 


Hectronic Engineering xn . 


cordial invitation to you to visit us at the 


Institution of Electronics Exhibition 
STAND No. 18 (Entrance Hall) 


at the COLLEGE OF SCIENCE & TECHNOLOGY, 
Sackville Street, MANCHESTER, 1 


JULY 7th—I13th, inclusive, 1960. 


SESSIONS : 
JULY 7th 2.0 p.m.-9.0 p.m. JULY gth (Sat.) 10.0 a.m.-6 p.m. 
JULY 8th & 12th 10.0a.m.-10o p.m. JULY rth & 13th 10.0a.m.-9 p.m. 


The Exhibition i Convention will incorporate : 


a MANUFACTURERS’ SECTION including the largest British display of 
Electronic Devices and Instruments held outside London. Exhibits from over 
75 manufacturers from Britain and overseas will contain items of interest to 
members of all branches of Science and Industry : 


a SCIENTIFIC & INDUSTRIAL RESEARCH SECTION including displays 
from the Admiralty Research & Training Establishments, of work on ‘Earth 
Satellites’ done by the Radio Research Station (D.S.I.R.), demonstrations of 
Electronic Organs, etc. 


and 


an extensive PROGRAMME OF LECTURES and FILM SHOWS on a 
wide range of ELECTRONIC, INSTRUMENTS and allied TOPICS— 
including special film shows for parties of senior students from the Tech- 
nical colleges and schools. 

Complimentary Admission Tickets for the Exhibition and Convention may 
be obtained from the Exhibitors or, by forwarding a stamped addressed 
envelope, from W. Birtwistle, General Secretary, the Institution of Electronics, 
78 Shaw Road, Rochdale, Lance. 


The ‘Preview of the Exhibition & Convention’ (post free 
6d.) will be available from June roth. Handbooks of the 
Exhibition & Convention (including details of the lectures and 
RY, film shows) will be on sale (post free 3s, od.) from July rst. 


WV 
Attendance at the Exhibition and Convention is not 
restricted to members of the Institution of Electronics. 
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d.c. Supply at 4 amps 
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How to obtain high current 
constant voltage D.C. supplies ? 
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You could use cumbersome batteries, 

with their need for constant attention, but it 

is far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant Voltage D.C. 

Supply Units. This latest development in the application 

of Constant Voltage Transformers can be used to provide 

various d.c. supplies up to quite high current levels, as used in 
computers and data processing equipment. We shall be pleased to 
arrange for one of our technical representatives to call and discuss your 
requirements. 

















These new D.C. Supply Units .... 

@ Provide HIGH CURRENT OUTPUT AT LOW COST NETT PRICE 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT OUTPUT RATINGS IN U.K. 
@ Have HIGH ENERGY RESERVOIR, thus are suitable 
e 








volts 1.25 amp £20 
volts 4.00 amps £25 
volts 1.25 amps £20 
volts 4.00 amps £27 
volts 1.00 amp £20 
volts 5.00 amps £30 
volts 1.00 amp £20 
volts 4.00 amps £35 


for pulse, intermittent or variable loads 
Operate with HIGH EFFICIENCY 


BEERPGB ac 











CONSTANT 
VOLTAGE 


D.c. POWER SUPPLIES 
Full technical details available in leaflet B.10!. Advance COMPONENTS LIMITED 


ITIGO 77 ee MAINS STABILIZATION DIVISION [) 
/ ROEBUCK ROAD + HAINAULT + ILFORD + ESSEX * TELEPHONE : HAINAULT 4464 
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smaller 





operated by a sixpence 


Honeywell V4 Low Torque, Snap Action Switches 


Honeywell V4 ‘‘coin’’ switches can be operated by torques 

as low as 0-141 ozs. ins... . are less than half the size 

of a matchbox. Rated for 5amps at 250 volts, these switches 
are installed in a variety of modern vending machines, 
including many of those using coin mechanisms supplied 

by Hartley Baird Limited. 

Many other ‘‘ vending” switches. Other Honeywell 

micro switches perform such functions as selection, interlock on 
service door, level indication, waste stop, timing, and 
operation of ‘‘sold out’”’ sign. Machines using these switches— 
BZ basic, appliance type, V3 high capacity —include 

milk machines (Joseph Sankey and Sons Ltd), coffee machines 
(W. M. Still & Sons Limited), hot and cold drink machines 
(Ditchburn Vending Machines Limited). 

Write now for free literature. Honeywell catalogues and 

data sheets contain full information: Catalogue 62a— basic 
switches; Catalogue 74—V3 switches; Data sheet 46c—V4 
**‘coin’’ switches. 

Write for your copies now to Honeywell Controls Limited, 
ET ae Ruislip Road East, Greenford, Middlesex. Telephone: WAXlow 2333. 
Expert engineering service available from offices in the principal 
cities of the United Kingdom and throughout the world. 


V4—12 Normally-open design 








Honeywell 
HI) Frit in Miowe Quitthes 
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we can get 


you out ofa 
rectifier problem 


JUNE 


We, that’s the M-O Valve Co. Ltd., have spent over 

40 years bottling up hard valves, soft valves, tough going-aloft 
valves, standard valves, valves to government specs...sSoO we 
know how you feel in there. 

But we’re used to it, because now we’ve acquired a rare 
collective know-how that can beat most valve problems. And of 
course, it’s backed by the brilliant research, progressive 
development and flexible production you’d expect us to have. 
Next time you’re enveloped ina valve problem, let us know—if 
we haven’t a ready-made type for you, we’ll see if we can 


make you one to measure. 


XENON F 
ILLED 
90ing a long time TYPe. The G.E.c. range will j- 
—and has better PLY sa roy { ill keep 
Y¥ ratings too 


Send you full details. 


valves are obtainable from 


THE M-O VALVE Co. LTD 


BROOK GREEN * HAMMERSMITH * LONDON W.6. 


A subsidiary of the General Electric Co. Ltd 


1960 121 


EE 22 121 for further details 


; 








ELECTRONIC ENGINEERING 





EE 22 122 for further details 


Thorn 


Miniature Indicator 


Press-to-test switches 

Three or five-terminal versions 
available; the latter providing 
34 circuit variations. Solder tag 
or screw terminals to choice. 
All bases will take dimmer, flat 
top indicator or indicator caps; 
full range of colours available. 
The switches are vibration- 
proof and maintain pre-deter- 
mined contact pressures. 


This ts the lamp... The Atlas Midget Panel Lamp... 


Lampholders 


the only range 


adaptable to one 


type of Service 


approved 











f 
f 
ke 


Indicator and Dimmer caps 
and bases 

Inter-changeability between 
caps and bases provides maxi- 
mum flexibility within the range. 
Wide variety of cap colours 
available; screw or solder ter- 
minals, panel return or insu- 
lated, to choice. Dimmer has 
metal rotary shutter with built 
in stops. Indicator caps are 
facet cut for maximum visi- 
bility. The Flat Top Indicator 
can carry an engraved legend. 


2 PRC IMME RN tm R TZ 


Sealed Panel Lampholders 
Designed to ensure reliability 
under severe conditions of ser- 
vice. Waterproof, fireproof and 
shockproof, they are primarily 
intended for aircraft, armoured 
vehicles and military equip- 
ment. Dimmer and Indicator 
Caps available in a wide range 
of colours. 2 pole lampholder 
body. 


OTHER MINIATURE LAMPS AVAILABLE only 370” long by -182” dia. rated at 6 volts -06 amp. 


(Thorn) Special Products Division, Thorn Electrical Industries Ltd. Great Cambridge Road, Enfield, Middx. 
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2-way Multiple Lampholder 
For block indicator signs em- 
ploying two lamps behind a 
translucent screen. carrying 
the desired legend. Each unit 
will fit into a channel section 
mounting and any number may 
be stacked in this manner. 
2 Pole Solder tag connections 
to each lamp position; lamp 
extraction facilitated by spring 
loading on individual collets. A 
6-way version is also available. 


(ACTUAL SIZE) 
Available rated at 
1-25, 4, 6, 12 and 28 
volts. 


Tel: ENField 5353 


DTV 
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| 
_ then study this fully 
screened signal generator 
150 kc/s to 390 Mc/s 
for £21 


oe | 
ad 
naive TO Le 


This work-a-day Cossor Signal Generator 
gives a wider frequency range and higher 
accuracy than any other general purpose 
instrument of comparable price. The accuracy 
is +1% up to[33 Mc/s and +2% for higher 
frequencies. The signal is available modulated 
by the internal audio frequency oscillator or 
alternatively external modulation may be 
applied. 

As befits a general purpose instrument, 
the Cossor Signal Generator is built of high 
grade materials so that it is durable and re- 
liable under all conditions of service, and is 
easy to operate. 


1045 Signal Generator priced £21 ,0.0 U.K. only 























Cossor Instruments Ltd 


COSSOR HOUSE, HIGHBURY GROVE, LONDON, N.5 
Telephone: CANonbury 1234 (33 lines) 
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VULLARD 
IGNITRONS 


for resistance welding & power 
rectification 


Welding equipment designers and maintenance 
engineers can now specify ‘‘Mullard’’ when 
ordering ignitrons ...a Mullard range of six 
types with internationally available equiva- 
lents has recently been introduced. 


Five are intended primarily for resistance 
welding, and make possible the exact control of 
extremely heavy currents to provide uniform 
and reliable welds. Thermostats may, of course, 
be fitted to provide protection against over- 
heating or to economise in the use of cooling 
water. The sixth type in the range is designed 
specifically for controlled rectification at high 
power. 


Brief details are given here—for further infor- 
mation please write to the address below. 


TYPE No SIZE 
5551A_ ... B(600 kVA)... For | or 3-phase welding control 
5552A_ ... C(I200 kVA) ... For I-phase welding control 
2052A ... C(I200 kVA) ... Special alternative C size 
5822A ... — ... For 3-phase welding control 
5553B_ ... D(2400 kVA) ... For | or 3-phase welding control 
ae — ... For controlled rectifier duty 

at 150A (continuous) with 

a P.I.V. of 2.1 kV. 





Mullard “fat 
es GOVERNMENT AND 


tae INDUSTRIAL VALVE DIVISION 


Mullard Limited - Mullard House 


Torrington Place - London - WC1 - Tel: LANgham 6633 
@eMvTI91 
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"tg a prosperous and expanding electronic industry 
in this country it is not surprising that the British 
Component Manufacturers are themselves experiencing 
something resembling a boom, and evidence of this is to be 
found in the Twenty-Seventh Annual Report for 1959 of 
the Radio and Electronic Component Manufacturers’ 
Federation which has just been published. 


In actual numbers, the members of the Federation, 
which represents practically the entire component industry, 
produced during the year the staggering total of 2400 
million components valued at £120m and for the first 
time in the life of the industry an output of one million 
components was reached for every hour of the working 
week. 


The Federation has found it no problem counting up 
how many ‘bits and pieces’ it has made, but it has run 
into difficulties in determining just where these compo- 
nents go and what is their ultimate destiny and it cannot 
determine with certainty whether a component ends up 
in a £100 television receiver or in a £100000 computer 
or more humbly by being sold over a dealer’s counter 
as a replacement part. 

The trouble derives in the main in defining what is at 
present vaguely known as the electronic industry. What we 
call the electronic industry comprises much more than the 
domestic radio receiver industry from which it grew, and 
now shows every sign of outstripping. 


The trouble is accentuated by the absence of suitable 
statistics and it is suggested that the time is ripe to provide 
a separate Industrial Classification and to revise the 
Census of Production by bringing under the appropriate 
headings all those various radio, electronic, audio, tele- 
communication and other scientific products which are 
now hidden under other classifications. A further step 
forward could be made by collecting more information 
from individual firms either through Board of Trade chan- 
nels or through the various Trade Associations. 


Even so, the component industry has had a good year, 
attributable in the main to the considerable increase in 
production of radio and television receivers for the home 
market, brought about by the relaxation of credit restric- 
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en tary 


tions and the general rise in demand for consumer goods. 
The domestic receiver industry accounted for over 40 per 
cent of the component output and in fact reached its 
highest ever level of output, producing some 2} million 
television receivers and 14 million radio receivers during 
1959. 


Exports too were a satisfactory feature, the total figure 
being in the region of £224m for components proper and 
sound reproducing equipment such as record players. 


The Federation however, views with some concern the 
rise in imports which it regards as unprecedented and 
forecasts that if imports continue at this rate we shall in 
a few years time be importing more than we export, a 
position which is almost reached today with regard to 
valves and cathode ray tubes. These imports come in the 
main from Holland, West Germany and the U.S.A. and 
consist of audio products, professional equipment and 
valves and tubes. Roughly, the imports were just over £5m 
under each heading. The largest section was valves and 
tubes (£5.7m) closely followed by audio products com- 
prising tape recorders and disks, gramophone record 
players and loudspeakers. 


Turning to other matters of interest, the Federation in 
its Report announces that the last of the RECMF’s Exhi- 
bitions has now been held at Grosvenor House and that 
from May of next year its show will be a biennial event 
to be held at Olympia. 


This decision has obviously not been an easy one to 
make and it will be received with mixed feelings, for 
Grosvenor House in the post war years has become more 
than an Exhibition. 


But because of its very success the Exhibition has out- 
grown its environment and drastic action has been needed. 
The acquisition of accommodation at nearby Park Lane 
House would, it was hoped, relieve the pressure, but it 
proved unpopular to exhibitor and visitor alike. 

The decision to make the Exhibition a biennial event is 
in itself a sensible one for it will fit in conveniently with 
the Instrument Industries Exhibition which from this year 
is also to be staged every other year. 
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A Miuiniature 


Transistorized 


Echo-Sounder 
By R. N. B. Gatehouse*, A.M.LE.E. 


This article describes the development and the main design 
features of a very small and robust echo-sounder for use 
in depths from 2-5ft to 32 fathoms. The instrument is 
suitable for such purposes as hydrographic surveys for the 
laying of underwater pipelines and the pilotage of yachts 
and small fishing vessels. The complete equipment weighs 
only S54lb, has a power consumption of 0:1W and provides 
an accuracy of +3 per cent or 6in, whichever is the greater. 


(Voir page 394 pour le résumé en francais: Zusammenfassung 
in deutscher Sprache Seite 400) 


| yaa sip the first practical ‘Asdic’ was constructed 

as long ago as 1918 (by Paul Langevin in France), it 
is only during the last five years that echo sounders suit- 
able for use in small craft operating in coastal waters 
have been produced. The reason for this appears to be 
that no suitable transducer materials were available to 
exploit the economic advantage of using very high ultra- 
sonic frequencies where deep soundings are not required. 
The recent discovery of the piezo-electric ceramics has 
enabled relatively small and efficient transducers to be 
constructed which has led to the design of quite compact 
short-range echo-sounders consuming less than SOW and 
being of moderate cost. 

The principle of echo-sounding is well established. A 
transmitter sends a train of brief pulses of acoustic 
energy into the water, a receiver picks up and amplifies 
the echoes from the sea bed and the time taken by each 
pulse to do the round trip is measured by means of a 
time-base. 

Sea water is a good medium for the transmission of 
soundwaves, losses by dissipation being only 0:002dB/m 
at 20kc/s. Losses rise rapidly with frequency, however, 
being about 0-1dB/m at 230kc/s'. The velocity of sound 
waves in the sea is about 4 800ft/sec, but varies con- 
siderably with temperature and salinity. 

Ocean-going ships require soundings in depths up to 
about 500 fathoms (3 000ft), and must use carrier fre- 
quencies in the range 10 to SOkc/s. Trawlers sound and 
locate fish in depths up to about 100 fathoms, using 

The author’s yacht “Wavecrest II” im frequencies of about 100kc/s. For inshore fishing boats 

which the echo-sounding trials were carried and yachts, soundings in depths greater than 20 fathoms 

out during the winter of 1958-1959. are seldom required, and frequencies up to about 200kc/s 
may be used. 

The transducers for deep-sea installations, and most of 
those for trawlers, use the magneto-striction effect in 
nickel and are often fitted with separate transducers for 
transmission and reception. These are sometimes fitted 
in tanks in the hull, the attenuation in the ship's plating 
being regarded as a lesser evil than holes through it. The 
presentation with these bigger sets is nearly always by 
means of a fast-moving ‘electric pen’ which in running 
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repeatedly across a slowly-moving strip of special paper, 
in synchronism with the firing of the transmitter, marks 
up echoes as dark dots. The sea bed appears as a con- 
tinuous line, displaced from the left-hand edge of the 
strip by a distance proportional to depth. 

The short and medium-range sets now nearly all use 
piezo-electric ceramics, such as barium titanate, in their 
transducers and present echoes as luminous patches on 
a circular range scale by means of a gas discharge tube 
spinning on the arm of a motor shaft. This is synchron- 
ized with the transmitter, one pulse being fired on each 
revolution. A few sets display echoes on c.r.t. time- 
bases, as in radar. 


The Objective 

The development of ‘HECTA’ was undertaken with a 
view to producing a ‘ pocket-sized’ echo-sounder with a 
range of 30 fathoms that might be used in the smallest 
fishing boats, surveyors’ dories and sailing yachts. To 
make this possible the power consumption was to be 
limited to 0-1W. The instrument was to be capable of 
withstanding the severe knocks and wettings to which all 
small-boat gear is subjected. The hopes for success lay 
in taking advantage of the very high overall efficiency of 
transistors aS compared with thermionic valves, in 
abandoning the rotating lamp in favour of automatic 
range computation and a milliammeter as a means of 
presentation, and in using a strong, hermetically-sealed 
case. The use of a meter would bring the important 
advantages of visibility in sunlight, improved reliability 
and easy variation of scale sensitivity. 


The Development Programme 


Calculation showed that the requirements in a pulsed 
echo-sounder for transmitted power and receiver gain were 


quite modest in terms of the capabilities of transistor cir- 


cuits. For example the fraction of the transmitted power 
which is available in the echo at 175kc/s, using a 60° 
beam over a muddy bottom 30 fathoms down, is about 
2 x 10°". Therefore with a peak transmitter power 
output of 0-SW to a barium titanate transducer, a receiver 
gain of 80dB would be required to deliver 0-2mW to the 
range-measuring circuit. The corresponding mean power 
input would be about 50mW, leaving 50mW over for the 
receiver and display circuits. 

The greater part of the development programme was 
aimed at finding out the noise characteristics of the sea 
and the reflectivity of the natural things suspended in it 
and of the sea-bed itself, so that the practicability of auto- 
ranging on the bottom echo could be established. (It 
will be appreciated that with the spinning lamp and c.r.t. 
displays the operator can, with experience, ‘filter’ out the 
unwanted signals.) The transmitting and receiving circuits 
were developed as part of the trials programme, for the 
use of miniature, transistorized measuring gear was essen- 
tial in view of the fact that the ‘test bed’ was a sailing 
vessel of only 19ft waterline length carrying no electrical 
generators. 


The Results of the Trials 


(a) SEA NoIse 

Noise generated in the sea’ has a power which varies 
inversely as frequency and appears to be due mainly to 
the movement of shingle and sand on the bottom caused 
by tidal streams. Breaking seas also produce noise which can 
be troublesome. Our measurements at 175kc/s indicated 
a peak noise power of about 10-“W/cm’/kc/s over 
shingle in breaking seas in tidal streams of surface speeds 
5 knots. 
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(b) MiD-WATER ECHOES 

The sea contains many objects, apart from fish, which 
scatter sound waves. The physical extent of each of 
these is generally much less than the diameter of the 
acoustic beam and so their echo power generally varies 
inversely as the fourth power of range. The sea-bed 
echo power varies as the inverse square of range, and so 
it can be seen that these echoes are to be reckoned with 
only at the shorter ranges. Our measurements showed 
that, except in the case of patches of aerated water, the 
amplitude of suspension echoes very seldom exceeds that 
of the sea bed echo if the latter were at the same range. 
Aerated water is found in the wakes of ships and in heavy 
overfalls, and produces echoes of great intensity. The 
auto-ranging system will not, however, be at an appre- 
ciable disadvantage in comparison with the others under 
these conditions since the bottom echo is heavily attenu- 
ated by scattering in aerated water and soundings are then 
generally unobtainable with any system. 


(c) WAVE EcHOES 

Echoes from wave-crests, due to radiation outside the 
limits of the main acoustic beam, were troublesome at 
first, and it was found that care was needed in the design 
of the transmitter and transducer to minimize radiation 
from the disk in the radial mode of oscillation. 


(d) Bottom EcHo COEFFICIENT 

The power reflection coefficient of very soft, muddy 
bottoms was sometimes found to be as low as 0-01. For 
sandy bottoms the figure was generally 0-15. 


Planning the System 

Both continuous-wave and pulsed systems are practic- 
able. In a c.w. system information is carried by modula- 
tion, and this may be either a.m. or f.m. An experimental 
f.m. radar system has already been described’, but so far 
as is known only the pulsed system has been used in 
echo-sounders. Pulsed operation confers the advantage 
of simplicity of design, but for bottom-ranging is ineffi- 
cient on account of the relatively high values of receiver 
bandwidth and transmitted power needed for a given 
accuracy. With c.w. operation, the designer may achieve 
higher efficiency by taking advantage of the fact that the 
depth of water below a moving ship changes but slowly 
with time and may be measured to the desired accuracy in 
a bandwidth of only a few cycles per second. For 
example, the transmitter may be modulated by a low- 
frequency sine-wave and the phase difference between the 
envelopes of the transmitted and received signals then 
measured in order to compute range. The narrowing of 
the receiver bandwidth permits a reduction in transmitted 
power for a given level of sea noise. 

The major difficulties in designing a c.w. system are to 
provide very high signal attenuation in the direct, local 
path between transmitter output and receiver input, to 
ensure that the transmitter frequency does not drift out- 
side the receiver pass-band, and to discriminate against 
wave- and suspension-echoes. The cost of the resulting 
echo-sounder might be uneconomically high. For this 
reason it was decided to adopt a compromise by using long 
pulses and a commensurately narrow bandwidth for the 
deeper soundings and in shoal soundings to reduce the 
receiver gain so that noise becomes unimportant. Then 
the usual short-pulse wide pass-band arrangement, which 
is necessary in a pulse system for measuring at the lower 
limit of range, is acceptable. 

The trials results showed that the expected range per- 
formance was attainable with the prescribed limit of 
0-1W for total power drain. They also showed that the 
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great majority of suspension and wave-echoes would be 
suppressed if at all times, in each pulse cycle, the receiver 
gain was only just high enough for the bottom echo to be 
detected. A system of ‘swept gain’, such as is used in 
marine radar sets to discriminate against wave echoes, was 
developed to meet this requirement. An automatic gain 
control system, working only on the signal in the range- 
measuring ‘ gate’ and controlling the mean receiver gain, 
further reduced the probability of this interference occur- 
ring, particularly over sea-beds of high reflectivity. 

The second important consideration was that of sea 
noise. The trials showed that the greatest peak intensity 
one was likely to experience was about 10-“W/cm*/kc/s 
at 175kc/s. It must be arranged that this noise is of con- 
siderably less amplitude, by the time it reaches the ranging 
circuits, than that of the bottom echo. The curves of Fig. 
1 show both peak sea noise in a bandwidth of 200c/s 
and echo power plotted against frequency. 200c/s is the 
lowest receiver bandwidth that can be tolerated, in con- 
sideration of the requirements for range accuracy. The 
curves indicate if frequencies below 200kc/s are used, the 
effects of noise may not be serious. 


Fixing the Parameters 


The following parameters in an echo-sounding system, 
as in radar, may be varied by the designer. 

The carrier frequency. 

The transmitted power. 

The transmitted pulse length. 

The shape and angular width of the radiated beam. 

The receiver gain. 

The receiver bandwidth. 

Let P, = power transmitted 

pulse (W). 
P, = echo power from sea bed incident upon trans- 
ducer face (W). 
d = diameter of transducer face (taking practical 
case of a cylindrical transducer) (ft). 
6 = acoustic beam-width, between first 
(radians). 
h = depth of water below transducer (ft). 
K = power reflection coefficient of sea bed. 
f = frequency (kc/s). 
36.K .P, 
h?.O.f exp (448 x 107°. f AL). 
The derivation of this expression and the approximations 
used are to be found in the Appendix. 

The object is to make P, as high as practicable in the 
interest of efficiency and of overcoming sea noise. Let 
us see how far we can go, bearing in mind the practical 
limitations : — 

(1) In HECTA P, is limited by considerations of 
battery power drain at about 0-01W (correspond- 
ing to a peak electrical input power of 0-5W and 
a mean electrical input power of 0-05W). 

(2) 6 must clearly be made as small as possible, con- 
sistent with the need to accommodate rolling and 
pitching without stabilization. Since the angle of roll 
is typically three times the angle of pitch, it would 
be advantageous to provide an elliptically-shaped 
beam. This was, however, ruled out on account 
of practical difficulties and 6 was fixed at one 
radian. 

(3) f must be as low as possible, consistent with the 
need to restrict the size of the transducer. It 
should be remembered that the volume and hence 
the cost of the transducer material varies as the 
inverse cube of frequency for a given value of 6. 


into water during each 


Zeros 


Then: P, 
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f therefore remains as the one variable factor, and the 
curves of Fig. 1 were prepared to assist in deciding upon 
the best value. Here the value of P, is plotted against f 
for a depth of 30 fathoms, with K fixed at 0-1, which is 
believed to be the lowest value of sea-bed coefficient likely 
to be found in coastal waters of that depth. Values for 
f less than 100kc/s were not taken, since transducers 
then become too large and expensive. The upper limit 
for f is set by a consideration of the noise power (P,) in 
the sea, the density of which is reported’ to be inversely 
proportional to frequency. Since, for a fixed value of 6, 
the transducer aperture area varies as 1/f*, it follows that 
the intercepted noise power varies as 1/f. This function 
is also plotted in Fig. 1 for a bandwidth of 200c/s. It 
was found that the ratio P;/Pnipx) in the auto-ranging sys- 
tem must be greater than about 10 if disturbance of the 
output is to be avoided. As will be seen in Fig. 1, this 
sets the upper limit for f at about 200kc/s. .A frequency 
of 175kc/s was chosen as providing a compromise be- 
tween the requirements for a high value of P;/Puipx) on 
the one hand and low size and cost of transducer on the 
other. 

The pulse power required to operate the range-measur- 
ing circuit is about 0-2mW. From Fig. | it is seen that 
the available acoustic echo power at full range is 
2 x 10°"W. The receiving amplifier must therefore have 
a power gain of about 10° or 80dB, a figure that is easily 
obtainable in practice. 

Description of ‘HECTA’ 

HECTA uses 15 transistors and no thermionic valves. 

Referring to Fig. 2, it will be seen that a single trans- 
ducer is used for both transmission and reception. This 
is a barium titanate disk 23mm in diameter mounted in 
a tube of ‘fibreglass’ which contains also a matching 
transformer. 


-10 
10 peinseneatg 


—— re 
= O-Ol watt 
= 32 fathoms | 


| radian 
ol : 


+ Py (px) (watts in 200c/s bandwidth) 


(watts ) 


\ 





io 
100 





A 


200 
f (kc/s) 
. Curves showing the relationship between 


(a) echo power and carrier frequency for a fixed beam angle 
requency for a fixed beam angle 


250 


(b) peak sea noise power and 


The transmitter is an oscillator at 175kc/s, delivering 
4V r.m.s. from a very low output impedance. It is 
modulated by a square-wave pulse generator at a constant 
rate of 12-5p/s. The mark-to-space ratio is about 1: 150 
on the short range scale and 1:15 on. the long range 
scale. These scales are 2-5 to 32ft and 2-5 to 32 fathoms 
respectively. The modulator also controls a monostable 
relay circuit which has been called the ‘guard pulse 
generator ’, the purposes of which are to disable the first 
receiving amplifier while the transducer is energized and to 
give a ‘go’ signal to the range-measuring relay at an 
instant when the remaining energy in the transducer has 
fallen to a level well below the threshold of detection. 
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The duration of the guard pulse is changed from 1:1 to 
6-‘7msec as the range switch is changed from feet 
to fathoms, these periods corresponding to the minimum 
depth readings on the two scales. When disabled, the first 
amplifier presents an open-circuit to the transmitting 
oscillator, and when the oscillator is switched off it, in 
turn, presents an open-circuit to the first amplifier. 

The modulator also initiates a time-base, the purpose of 
which is to vary the gain of the second amplifier, so pro- 
viding the ‘swept gain’ effect mentioned previously. 

The output of the detector is fed via a low-pass filter 
with a cut-off frequency of 200c/s on the fathoms range, 
and 1 500c/s on the feet range, to the range-measuring 
relay. This is a bistable circuit which is driven into one 
of its two states by the leading edge of each transmitted 
pulse and is reset by the leading edge of the echo. This 
action is caused to start and stop a constant charging 
current which flows into a reservoir capacitor. Conse- 
quently the charge stored per cycle is proportional to 
depth. The reservoir discharges through the _ milli- 
ammeter at a rate proportional to stored voltage, and so 
drives a current through it which, when equilibrium has 
been attained, is also proportional to depth. When 
changing range from feet to fathoms the constant charg- 
ing current is reduced six-fold. The accuracy of the 
system depends upon the constancy of the pulse repetition 
frequency, and of the charging current, both of which are 
controlled by high stability components and made prac- 
tically independent of transistor leakage currents. The 
meter accuracy is +1 per cent, and an overall accuracy 
of +3 per cent is attainable over the temperature range 

20°C to +50°C. The meter has a dial 24in in diameter. 
The movement travels through 260°, giving a scale of Sft 
to the inch on the ‘ feet’ range. 

When the on-off switch is set to an intermediate test 
position the meter monitors the voltage applied by the 
battery to the range-measuring circuits. This voltage is 
kept at the correct value to within +0-5 per cent by 
operation of a control knob, notwithstanding the gradual 
decay of battery voltage with use. 

Provision is made for the connexion of an external 
meter to the instrument, which is plugged into the upper 
socket on the front panel, so enabling the depth to be 
observed both by the navigator and the helmsman. For 
survey work the second meter may be of the pen-on-paper 
recording type, with clockwork drive. Fig. 3 is a repro- 
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Fig. 2. Block schematic diagram of ‘ HECTA ’. 
The four switches are ganged and are shown in 
the ‘fathoms’ setting 


duction of a short length of chart from an Elliott record- 
ing milliammeter taken while the boat was proceeding 
southwards at 6 knots across the Lymington Banks in the 
West Solent. The depth scale is Ift per division, and 
undulations of only a few inches are clearly seen. The 
paper speed was 4in/min, giving a vertical scale of 100 
yards per division. The steep descent into the shipping 
channel is seen at the top of the chart, followed by a 
change of scale from feet to fathoms. 


The Mechanical Design of ‘HECTA’ (see Figs. 4 and 5) 
THE TRANSDUCER 

This is contained in a tube of ‘fibreglass’ 3-Sin long 
and 1-2in in diameter, which houses also a transformer 
that matches the oscillator output to the resonant resist- 
ance of the transducer disk. The complete assembly is 
‘potted’ in epoxy resin. A brass top-cap contains syn- 
thetic rubber O-rings, fitted into grooves, which create a 
tight seal when the unit is 
pushed into its tubular gun- 
metal housing. This housing 
is fitted in the bilge of the 
boat, the tube passing 
through a Iiin diameter 
hole in the planking. A 
screw-cap is provided to 
seal off the top of the tube 
when the transducer unit is 
not in place. 


THE INSTRUMENT 

This is housed in a her- 
metically sealed case of 
silicon-aluminium alloy 8in 
wide, 4jin high and 2tin 
deep. This is _ protected 
against corrosion by a film 
of nylon which is de- 
posited by a fusion pro- 
cess. The meter window is 


Fig. 3. Elliott 
Rec with 


Trace from the 
order in 


) <rnm 
*HECTA’ 
Horizontal scale is in feet from A 


to B; fathoms from B to C. Ver- 
tical scale is 100yd/ division 
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of toughened glass. Its rim, the control shafts and 
sockets are all fitted with sealing glands, and a removable 
desiccator with indicator window is provided to prevent 
internal condensation in case of seal failure. The con- 
trols are recessed into the case to protect them from 
damage. 

The battery comprises four Mallory RM.522R hearing- 
aid cells and is housed in a compartment in the rear cover 
of the case. This compartment is isolated from the rest 
of the instrument, so that failure to secure its cover-plate 
properly can at the worst result only in a wetting of the 
cells. The instrument is fixed to a bulkhead, when neces- 
sary, by means of a back-plate with spring clips which 
engage with studs on the sides of the case. 

The instrument is designed to withstand shock loading 
up to values of 40g. 


The Final Specification 

(a) Maximum range: 32 fathoms over mud. 

(b) Power intake: 0-1W at maximum range. 

(c) Battery supply: 48 to 6-0V (four hearing-aid ‘A’ 
cells, in instrument case). 

(d) Battery endurance: This follows from (b) and (c) 
and is 150 hours (average) when using Mallory 
RM.522R cells. 

(e) Accuracy: +3 per cent or 6in, whichever is the 
greater, over the range of ambient temperature 
between —20°C and +60°C, subject to correction 
for extremes of sea temperature and salinity. 

(f) Scale of display: Sft per inch of scale on shoal 
setting. Scale and pointer are luminized for night 
use. 

) ‘Repeater’: A distant meter of any size may 
be connected to the instrument, and this may be 
of the pen-on-paper recording type, clockwork 
driven, for survey use. 

(h) Weight: S4lb, including transducer. 

APPENDIX 
Derivation of an Expression for Echo Power 
ASSUMPTIONS AND APPROXIMATIONS : — 
(1) Reflection from the sea bed is specular, 
been verified experimentally for mud and sand. 


as has 
Rocks 


Fig. 4. Rear view of *‘HECTA’, showing the battery with cover-plate 
removed. The screw driver control allows the zero of depth measurement 
to be set to the water-line plane 
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Fig. 5. The ati 
is fitted in a To in the ship's bott 
cleaning when the boat is afloat 





scatter energy in all directions, but their high reflectivity 
appears to make up for the losses by scattering. 

(2) The conical beam angle, 6, is taken to be small 
enough that the cross-sectional area of the beam at a 
range r may be written as 

a(r.6y 
4 

The errors introduced by these approximations are 
probably small in relation to those due to the uncertain 
knowledge of the range of the “constants” K and A in differ- 
ent localities. The results obtained by calculation, as 
shown in Fig. 1, are therefore taken only as a guide to 
design, and a fair margin of extra performance is pro- 
vided for. 

Using the symbols listed on page 338, and in addition 
letting : — 

d = diameter of transducer face 
A = sound-wave attenuation in nepers per unit dis- 
tance at a given frequency, f 
the total pulse power reaching the horizontal plane 
ities the transducer, after reflection from the sea-bed, 
is: 
K. P, . e~**", the total distance traversed being 2h. 

The sea-bed reflects the cone of energy as a mirror. 
Hence the cross sectional area of the cone at the horizon- 
tal plane through the transducer is 

x(2h.6/ 
4 


=7.h?.@ sq. units 


6 is given approximately by 12/f.d radians, 
where f is in kc/s and d is in feet. 
*. a = (12/f.8 
It is known! that A varies as f and that at 


100kc/s A = 0-369 x 10-* nepers/cm. 
Hence A = 1:12 x 10-’.f nepers/ft 
caiien for A and d in equation (1): 
36 K . P; 


| ee — 
h’.f?. # exp (448 x 10°' f.h) 
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A Passive Waveform Shaping Circuit 


By M. J. Wright*, B.Sc. 


A simple circuit is described which is able to perform a variety of waveform shaping functions. 
Although no active components are used, sharp transitions in output voltage can be obtained which 


are delayed in time with respect to the input voltage. 


Among the applications are: 


(1) Pulse lengthening, (2) 90° change in phase of a square wave, (3) combined filtering and 
limiting, (4) mark-to-space modulation of a square wave input. 


(Voir page 394 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 400) 


HE combination of an inductance together with one or 

more suitable semiconductor diodes produces a simple 
circuit capable of performing a number of diverse func- 
tions in waveform shaping or pulse delay circuits. 

The principles underlying these applications are : — 

(a) The current flowing through the inductance rises 
or decays exponentially towards an asymptote 
determined by the instantaneous voltage across it. 

(b) The diode or diodes give a change in output volt- 
age when the current through them decays to zero 
or commences to flow in a previously non-conduct- 
ing diode. 


L.R 
839. 


MR Y MR, Output 














Circuit for 90° change of phase 


Input 
voltage 


b) 


Inductor - 
current 


Gane 
voltage 
Fig. 2. Waveforms for circuit of Fig. 1 (Change of phase application) 
The applications to be discussed are: — 
(1) 90° Change in phase of an applied square wave. 
(2) Mark-to-space modulation of an applied square 
wave. 
(3) Filtering-limiting of a complex waveform. 
(4) Pulse Lengthening. 
(5) Pulse Delay. 
(6) Pulse Area Discrimination. 
(7) Single or Multiple Pulse Generation. 


Phase Changing 
Consider the application of a square wave of even mark- 
to-space ratio to the input of the circuit shown in Fig. 1. 
Let + V = Input voltage amplitude 
V. = Instantaneous output voltage amplitude 
V; = Forward voltage drop of diodes MR; and 
MR. 

If V >V; the voltage +V can be considered to exist 
across the inductor only since the voltage at the output 
terminals cannot exceed V; in magnitude. The current 
through the inductor therefore rises exponentially towards 
the asymptote + V/R during one half cycle and decays 
towards the asymptote — V/R during the opposite half 


* Group Research Centre, Joseph Lucas Lid. 
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cycle. However, if the time-constant L/R of the inductor 
is long compared with the period of the input waveform, 
the rise and fall of current may be considered practically 
linear. Figs. 2(a) and 2(b) show the time relationship 
between the input voltage and circuit current for this con- 
dition. The current passes through zero one quarter cycle 
after the input voltage transitions and at these times an 
abrupt change in output voltage occurs while the current 
switches from one diode to the other. Thus, subject to the 
approximations made, the output voltage is a square wave 
displaced by 90° with respect to the input waveform (Fig. 
2(c)). Also, the phase change is constant over the frequency 


Fig. 3. Input Garge amplitude) r a waveforms for phase change 
circu 


range for which the approximations are valid. 

Diodes MR, and MR: should be low power silicon 
junction types to give the best output waveshape. 

In practice the phase shift will be just less than 90° but, 
for any given conditions of operation, a suitable capaci- 
tance can be added in parallel with the diodes to give the 
additional delay required for a total of 90°. The addi- 
tional delay is produced at the expense of output rise-time. 

Fig. 3 shows the input and output voltage waveforms 
for the circuit conditions given below. 

L = 03H 

R =: 15{) 

MR:,, MR: = Silicon junction diodes 
Frequency = Iikc/s 

V = +15V 

Vo = +0-6V 


Mark-to-Space Modulation 

By feeding a bias current Jm from a subsidiary circuit 
through diodes MR: and MR, the mark-to-space ratio of 
the output voltage is altered. The inductor current re- 
mains essentially as before but the transition in output 
voltage now occurs when the sum of the inductor current 
and the bias current is zero, i.e. when the current through 
the inductor is — Jm. Reference to Fig. 2(b) will show the 
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change in mark-to-space ratio which occurs for any given 
bias current. 

To avoid excessive lengthening of the output voltage 
rise-time the bias current should be supplied from a high 
impedance source. Where the modulating signal is a volt- 


lait 
+ MUL 


age, as in Fig. 4, it should be of large amplitude so that the 
resistor Rm may be large. Alternatively, a blocking capaci- 
tor can be used at the input and the modulating voltage 
applied via resistor Ry» to the junction between the capaci- 
tor and inductor (see Fig. 9). This avoids loading the 
Output terminals with resistor Rm but introduces time- 
constants because the diode bias current is applied via 


L.R 


Fig. 4. 
erie : 


Mark-to- 
modulation 
circuit 





SUU—~ wat ued 











OUTPUT + 


Fig. 5. Filter-imiter circuit waveforms 


reactive elements. This arrangement is therefore more 
suitable where the modulating frequencies are low com- 
pared with the carrier frequency. 


Filter-Limiter 
Most systems of frequency measurement require 
input waveform to be either— 


(a) An amplitude limited square wave 
(b) A pulse train. 


the 


L,R 


SOOO 








input MR, Output Fig. 6. Pulse lengthener 








In the majority of cases the signal of interest is in neither 
of these forms and filters, amplifiers, limiters and differen- 
tiating circuits are commonly used preceding the frequency 
determining network. The circuit of Fig. 1 can sometimes 
be employed to advantage in a combined filter-limiter role 
producing a square wave output of frequency equal to the 
fundamental of a complex input waveform. The inductor 
in itself forms a low-pass LR filter, where the input is the 
voltage across it and the output is the current flowing. The 
diodes sense the direction of current flow and provide limit- 
ing. Fig. 5 is typical of the results obtained. 

Where the input waveform is of suitable amplitude, 
diodes MR, and MR; may be replaced by a Zener diode to 
give improved amplitude limiting’. 

Differentiation of the square wave will produce a train of 
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pulses suitable for operating counter circuits in digital 
frequency measurement systems. 


Pulse Lengthener 


Consider a rectangular pulse of amplitude + V applied 
to an inductor and Zener diode in series (Fig. 6). Assum- 
ing that V is greater than the reverse breakdown voltage V 
of the Zener diode the output voltage follows the leading 
edge of the input pulse until limited by conduction of the 
Zener diode. Thus, for almost the entire duration of the 
input pulse, a voltage (V-V;) exists across the inductor 
causing an exponential rise in current. At the end of the 
input pulse, the voltage — V; appears across the inductor 
since the input voltage is zero and the output voltage is 
still V, (the inductor prevents a rapid fall of diode current) 
The inductor current now decays exponentially. It is im- 
portant to note that this decay is towards the asymptote 
-V;/R and not zero. Thus there is a definite rate of 
change of current as zero is approached. However, when 
the current reaches zero the diode cuts off and both the 
output voltage and the voltage across the inductor fall to 
zero. Fig. 7(b) shows the circuit current for the input volt- 
age shown in Fig. 7(a) applied to the case where the inductor 

(a) 
Input 
voltage 


Fig. 7. 
for pulse 


Waveforms (b) 
lengthener Inductor 


current 


(c) | “ea 
Output - é 


voltage 


time-constant is large compared with the pulse length h. 
An almost linear rise and fall of current is therefore 
obtained. The output voltage is shown in Fig. 7(c). 

Where linear changes of current can be assumed, 

(t/t) = (V/V;) 

Any practical inductor will have some self-capacitance 
which will cause ringing to occur when the Zener diode 
cuts off. A resistance of suitable value connected in paral- 
lel with the Zener diode can be used to give critical damp- 
ing of the tuned circuit. For best results, sectional winding 
of the inductor should be used to give minimum self- 
capacitance. 

Fig. 8 shows typical input and output waveforms for the 
circuit. 


Pulse Delay 

Applying a bias current to the circuit of Fig. 6 will delay 
the leading edge of the input pulse and so give pulse delay. 
The current is best applied via the inductor as shown in 
Fig. 9. 

In the standing condition Zener diode MR, is conduct- 
ing on its forward characteristic, the value of current 
flowing being given by the equation: 

Im = (—Vm/ Rn) 
subject to the approximations 
Vn > Vs Rn > R 

On application of a rectangular pulse of amplitude + V 
to the input terminals (Fig. 10(a)) the voltage V appears 
across the inductor (the voltage drop R.Jm can usually 
be ignored). The inductor current rises exponentially 
toward the positive value V/R. When the inductor current 
passes through zero the diode is switched into conduction 
on its reverse characteristic and the output voltage changes 
from —V; to + V;. The inductor current continues to 
rise, but towards a less positive asymptote. At the end of 
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the input pulse the voltage across the inductor becomes 
equal to — (V; + V,) and the current decays towards the 
value —(V;+V;)/R. The diode cuts off when the 
current becomes zero and the output voltage falls practic- 
ally to the initial value —V; (see Fig. 10(c)). Where the 
pulse period f; is short compared with the time-constant 
L/R these current changes would be linear as shown in 
Fig. 10(b). The Zener diode current gradually attains its 
initial value, the time taken depending on the time-constants 
L/R and CR. 

Where the time between pulses is long the circuit reacts 
to each one as described above. However, if the period 
between pulses is of the same order or shorter than the 
time-constants L/R and CR, the leading and trailing edge 
delays will both be a function of the time between pulses. 
The circuit is not recommended where the pulses may be 
close together with a variable spacing. 

If, in the circuit of Fig. 9, the diode is replaced by a 
normal silicon diode the leading edge of an applied pulse 
is delayed by the circuit but the trailing edge of the output 
would be time coincident with that of the input. 


Pulse Area Discriminator 

The leading edge delay circuit may also be used as a 
pulse area discriminator since’no output can be obtained 
if the inductor current is still negative when the input pulse 
terminates. Since the rate of change of current in the 
inductor is proportional to the applied voltage, the total 
change in current A/ caused by a voltage V applied for a 
time f; is given by 

Al = (V.u/L) 

If, for a given pulse, A/ is less than the initial bias current 
Im in amplitude, the diode remains conducting on its 
forward characteristic and no pulse appears at the output. 
Thus 

V.ti < L.Im no output 
V.t > L.Im output obtained 

If the pulse amplitude V is fixed the circuit is a pulse 
length discriminator rather than a pulse area discriminator. 

The remarks concerning pulse spacing when the circuit 
of Fig. 9 is used for pulse delay apply also when it is used 
as a pulse area discriminator. 


< INPUT 


< OUTPUT 


Fig. 8. Pulse lengthener circuit waveforms 


Single or Multiple Pulse Generator 

On closing switch S in Fig. 11, the Zener diodes MRu. 
MRz, MRz are brought into conduction on their reverse 
characteristics and the branch currents increase exponen- 
tially towards values /;, J; and J;. If, after some time, the 
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power supply is removed by opening switch S, diode MR 
is brought into conduction by the back e.m.f. developed 
across the inductors. The branch currents now decay ex- 
ponentially until the Zener diodes cut off. 


Ren 
A P ~*K, 
c 
Fig. 9. Pulse delay circuit Se 
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Pulse generator 


Considering the branch containing diode MR,, the final 
current after closure of S§ is given by 


V - 


1 
R where V;, = Reverse breakdown 
1 


voltage of MR. 


On opening S the current decays with a time-constant 
L;/R, towards the asymptote 


(Vr Tr V1) 


i= 


where V; = Forward voltage 
drop of MR 


When the current reaches zero MR. ceases to conduct 
and a short differential pulse is generated at output terminal 
1 while C, discharges through R,, the inductor and diode 
MR. 

Use of different circuit constants in the branch elements 
gives a series of time displaced pulses, each at a different 
output terminal. 

To stabilize the time periods against variations in supply 
voltage diode MR can be a Zener diode and a limiting 
resistor placed between +V and the switch S. 

In place of a d.c. supply and switch § positive rectangular 
pulses can be applied to the input to give groups of time 
displaced pulses. 


Other Applications 

The circuit of Fig. 9 can be used to generate a reasonably 
sharp rectangular pulse when fed by a pulse of poor shape, 
while the circuit of Fig. 1 will adjust an uneven mark-to- 
space rectangular wave input to an even mark-to-space 
ratio square wave output. Fig. 3 does in fact illustrate 
this since the input is not of even mark-to-space ratio. 
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A Simple Multi- 
Dimensional 
C.R.T. 

Display Unit 


By D. M. MacKay*, B.Sc., Ph.D. 


Functions of two or more variables can be displayed on the screen of a c.r.t. as a two-dimensional 
projection of the hypersurface they define. The angle of projection may be altered by rotating potentio- 
meters which determine the proportions in which the different input voltages contribute to the X and 
Y deflexions. 
While this is best done with the help of sine-cosine potentiometers having four sliders, and matching 
amplifiers, a surprisingly satisfactory result can be achieved with much simpler circuits, requiring 
only two-ganged linear potentiometers and a few carefully chosen resistors, The outputs for a fully 
stereoscopic display can also be derived at the cost of little additional circuit complexity. 


(Voir page 394 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 400) 


*b ROJECTIVE’ methods of displaying functions of 

more than one variable on a cathode-ray tube were 
first developed during the last war for radar purposes’. In 
1949 the writer described in this Journal’ an adaptation of 
the same principle, developed for displaying sequentially 
the solutions of equations in a high-speed analogue differen- 
tial analyser’, and the reader is referred to the foregoing and 
other references*® for some examples of the many other 
applications which are possible. 

In most of these the apparatus described for transforming 
from three to two dimensions has been fairly complex, com- 
prising several amplifiers and either magslip resolvers or four- 
gang sine-cosine potentiometers. The present brief article 
describes a ‘utility’ version of the apparatus described 
earlier’’, devised to reduce to a portable minimum the 
equipment needed to give an acceptable three-dimensional 
display. 


Basic Principles 

The basic principles of projective display may be re- 
capitulated in terms of Fig. 1. Looking along any axis, Y 
say, of a three-dimensional reference system, one has a 
‘plan view’ of the other two axes X and Z. If, however, 
the line of sight is rotated to a position half-way between 
X and Y axes in the XY plane, the view of the Z axis will 
be unchanged, but the other direction of the field of view 
will include some of X and some of Y. 


In mathematical terms what one sees is the projection of 
X and Y axes on the plane normal to the line of sight. 
The apparent horizontal co-ordinate x’ of any point in the 
XY plane will thus be the difference between the projec- 


* Wheatstone Physics Laboratory, King's College, London, W.C.2. 
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tions of its true co-ordinates x and y on the plane of sight. 
In general, (Fig. 2), when the X axis has been rotated 
through an angle 6 from the position of Fig. I(a), ie., 
when the Y axis makes an angle @ with the line of sight, 
the visible co-ordinate x’ of a point P (x, y) is given by: 
CC ares 


The corresponding ‘ invisible co-ordinate’ y’ is given by: 


x’ = xcosé 


y’ = xsiné + ycosé ok ap 

Assume now three voltages, x, y and z, of which z varies 
with x and y so as to describe a three dimensional pattern. 
Clearly all one has to do to obtain a view along the y’ 
direction is to mix the X¥ and Y voltages in the proportions 
cos 6 and 1—sin @ before applying the resultant to the X- 
plates of the c.r.t. In fact, if a fraction x cos @ is applied to 
one X-plate, and y sin @ to the other, the tube will subtract 
them automatically and give the required x’ deflexion to the 
spot according to equation (1). The result will be a view of 
the pattern described by x, y and z, from ground level as it 
were, and at an angle 6 to the Y axis. 

More generally, the line of sight may be at an angle 
oblique to all three axes. The rule which has been found 
for the simple case can easily be extended, and in its 
general form may be stated thus: 

To obtain a projection on a plane in which the axes 
X’, Y’ are specified by direction cosines (/imm) and (mn) 
relative to the X, Y, Z axes, mix the x, y, z voltages in the 
proportions of the direction cosines of X’ and Y’. In other 
words make: 

x’ = hx + my + mz 


y = hx + my + mz 
The above photograph shows a typical three-dimensional display 
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and if z’ is required: 
Zz = ix + may + nsz 


where (/;13n3) are the direction cosines of the line of sight. 


Rotation 

In everyday life, the two-dimensional projection of the 
solid world on the retina of the eye is given depth in a 
number of ways. The tension in the focusing muscles, the 
convergence of the eyes and the different views seen in 
binocular vision, and, of course, long experience of familiar 
objects, all help one to distinguish between a small object 
near at hand and a large one farther away. Sometimes, 
however, even these are insufficient, and one has to take 
the trouble to move one’s point of view to see another 
aspect of the field, from which the ambiguity is resolved. 
This important facility of relative rotation—so commonly 
used, for example, in ‘parallax’ methods of optical 
measurement—is fortunately very simple to secure in pro- 
jective displays. 

There are many. ways in which one may choose to rotate 
the pattern, but one of the most convenient methods is to 
carry out the selection of aspect in two independent stages. 
The first corresponds to the transformation that was con- 
sidered (equations (1) and (2)), which effectively rotates the 
pattern about the Z axis. With ganged attenuator-controls 
to mix continuously-variable proportions of x and 5 
according to equations (1) and (2), any angle of view (4) 
can be selected at the turn of a knob. 

The second stage of aspect-selection can conveniently 
correspond to rotation about the X’ axis, i.e. choice of the 
angle of elevation (@) of the line of sight. The principle is 
the same as before, but in this case z must be combined 
with the voltage y’ which is synthesized in the first opera- 
tion (equation (2)) so as to form: 


z’ Zsin y’ cOS @ 
and if desired: ‘ 


ZCOS @ 


‘it -_ 
y x 
(b) 
(a) The view along Z axis 
(b) The view at 45° to X axis 
(c) The view of (b) along Y axis 





ysin@ -+ 


_4+-*c0s8 -ysind 


Rotation of 
through 


Fig. 2. 
p plane 
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ty’ i 

Here y” is the ‘invisible ’ co-ordinate normal to the face 
of the c.r.t. Its use in producing perspective was discussed 
in the earlier paper’ and will be mentioned below. 

These two facilities can together remove any structural 
ambiguities present in a given projection, since any surface 
that remains edge-on under one rotation is rendered visible 
by the other. 
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Approximating to a Sine-Cosine Law 

As indicated in the paper referred to earlier’, it is possible 
to derive an approximation to a sine (or cosine) law by 
suitably modifying a circuit incorporating a linear potentio- 
meter, Fig. 3 shows the simplest arrangement, in which a 


o— > 
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—O 
Output 





oO 





. *3 point’ approximation to a sine law 


© Equation (I!) 
+ Equation (14A,/R=0-7) 
on Equation (13XA,/A =!) 





Fig. 4. The performance of circuits in Fig. 3 and Fig. 5 compared with 
the ideal sine law and the original linear law 


resistance R, links the slider to the live terminal. If the 
potentiometer is linear, the ratio at the half-way position 


Wee: ji = Gi + Re cc 
where R is the resistance of the element. Since a full rota- 
tion of the potentiometer must turn the projection on the 
screen through an angle of 90°, it is desirable that half- 
rotation should give a ratio: 

V2/V; = sin 45 0-707 
Substituting in equation (8), it is found that R, should be 


approximately : R. sa ola 


The accuracy of this approximation may be easily calcu- 
lated. Taking units of 6 = 90°, the ratio V:/V; at an angle 


0 1s: 
V/V (+U—@R Ro a 

1+ A 6) R/R, 

8/3, this gives: 

(11 — 86)6 
3+ 8601 

The comparison in Fig. 4 shows that the greatest errors 
occur around 6 = 0:2 and 0-8, and do not exceed 13 per 
cent of maximum. 


When R/R 
V2 V; 


A * Utility ’ Scheme 

The above arrangement has the advantage that the full 
input is transferred to the output when @ = 1 (90°). As 
with the normal sine-cosine potentiometer, however, four 
sliders must be ganged together to provide a full trans- 
formation of the type in equations (1) and (2). 

Fig. 5 shows a ‘utility’ form of circuit which enables 
two sliders to do the work, at the cost of some overall 
attenuation. Linear potentiometer elements are again used, 
but the slider is earthed, and the ends are supplied through 
resistances R, chosen so as to make the output again 0-707 
of maximum at the halfway. point. (R, must, of course, 
include the source impedance.) 
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For a simple resistive feed, the value of R, is easily 
found. The output/input ratio V2/V, at the halfway. point 
is: 

(R/2)/(Rs a R/2) or R/(R + 2R;) 
At maximum V2/V; is R/(R + Rs) 
Hence R + R, = 0-707 (R 2 2R:) 
or: 


With the same convention as before the ratio V2/Vi may 
be written in general as: 

V2/Vi = 6/(6 + Rs/R) 
or with the above value of R, (equation (12)): 

V2/Vi = 0/(6 + 0-7) 

This function (normalized for comparison) is also shown in 
Fig. 4, the biggest departure from the sine function being 
now about 7 per cent of maximum. If somewhat greater 
attenuation is tolerable, R, may be set equal to R, enabling 
the maximum error to be reduced to some 3 or 4 per cent 
(Fig. 4). 


A Complete Display Unit 


The circuit of a complete three-dimensional display unit 
of the simplest possible kind on this ‘ utility’ principle is 


R. 
p > *cos6 





Fig. 5. A * utility’ 
circuit for approxi- 
mation to a 

cosine law 


sine 





= x, plate 
%(xcos@-ysin@) 








-» X, plate 


Re 
47kQ 


To 
Y-omplifier 








Fig. 6. The simplest three-dimensional display unit 


shown in Fig. 6. Subtraction of xcos@ and ysin@ is 
achieved directly at the c.r.t. by applying the appropriate 
voltages to opposite plates. Addition is performed through 
mixing resistors such as R; and Rs, which place an addi- 
tional load on the other two sine-cosine units. These resis- 
tors and the input resistors (such as R; and R,) must there- 
fore be chosen so that in conjunction they present an 
effective series input resistance of about 0-7 R both to the 
supplying and to the supplied potentiometer, The values 
shown in Fig. 6 are not accurately optimal, but are pre- 
ferred values which give an acceptable performance. Alter- 
ing the setting of one potentiometer will in any case slightly 
change the effective series input resistance to the other, so 
that greater precision is normally pointless. 

The operation of the circuit should now be self-explana- 
tory. Ganged potentiometers RVi, and RV; determine the 
first rotation (@) about the Z-axis. The output to the X- 
plates is approximately (3/5) (x cos 6 — ysin 6). A voltage 
proportional to y’ (equation (2)) is supplied through R; and 
Rz to RV2, which also receives the input z through R;. The 
output from Rs and R,» is proportional to z sin @ + y’ cos ¢ 
(equation (7)) and this is supplied (after amplification) to 
the Y-deflecting system. There is an overall attenuation by 
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Fig. 7. Display anit with subtracting circuit and provision for a fourth 


a factor of about 1/18 from the x and y terminals, and 
about 1/4 from the z terminal, to the above output. 

Equation (6) here represents a more practical form of 
output than equation (7), since the signals from RV2 are 
too small for direct subtraction to be possible at the Y- 
plates, and addition is readily performed in resistors. The 
difference is only in the choice of projective quadrant, and 
the resulting picture is just as satisfactory as if the ortho- 
gonal component of equation (7) had been used. It will be 
noted that the scale of z is different from that of x and y. 

In some oscilloscopes the X-plates may not be accessible, 
or their sensitivity may be inadequate to allow use of the 
simple arrangement of Fig. 6. In the circuit of Fig. 7 a 
transistorized subtracting stage has therefore been in- 
corporated in the output from RV. This supplies an out- 
put of approximately (1/6) (xcos@ — ysin@) to the X- 
deflecting system, the maximum undistorted output with 
the components shown being of the order of +3-5V, with 
inputs of +20V to the x and y terminals. The capacitor.C; 
is adjusted to compensate for phase shifts due to the self- 
capacitance of the transistor. 


Fig. 8. A four-di i Re Sad 
a molti-dimensional c.r.t. 


photographed from the screen of 
display 
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Handling Four (or more) Dimensions 


The circuit of Fig. 7 has a further feature, which enables 
yet another ‘dimension’ to be added to the display. It is 
in fact the most rudimentary facility possible of its kind, 
and is described here only in case the reader might enjoy 
contemplating the projections of a four-dimensional object 
at little cost. A more businesslike approach to the problem 
will be found in one of the papers cited’. 

Basically all that is required is a means of displacing the 
whole of a three-dimensional picture in a new direction, 
projectively independent of those displayed, and hence 
logically on the same footing. In Fig. 7 this is 
partially provided by the network Ri, Ris, RV3:, which 
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Fig. 10. Simplified approximately stereoscopic display 
enables the voltage w to be mixed in controllable propor- 
tions with the inputs to X and Y amplifiers. 

An impression of the result may be gained from Fig. 2, 
which shows a four-dimensional ‘tessaract’ (the four- 
dimensional analogue of a cube) formed by sweeping all 
four inputs asynchronously between fixed voltage-limits. 
Rotation of RV; now produces a pseudo-rotation of the 
figure about a plane (i.e., it leaves a plane invariant). Some 
conceptually elusive facts about a four-space—e.g. that it 
possesses planes which meet only. in a point—are readily 
illustrated with this simple device. 


Stereoscopic Display 

The ‘solidity’ of a projective display is enhanced by 
nothing as vividly as by rotation of the controls. Various 
other aids, such as the modulation of brightness and sensi- 
tivity as a function of the depth-co-ordinate, have been dis- 
cussed before’. It may be worthwhile in conclusion to refer 
again to the possibility of a fully stereoscopic display, as 
(apart from the additional tube) this requires remarkably 
few extra components. In stereoscopic vision each eye sees a 
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Fig. 11. Stereoscopic pairs from a three-dimensional display 


projection at a slightly different angle, In the notation of 
equations (1) to (7), the x’ co-ordinate seen by the left eye 
contains a small mixture of the depth-co-ordinate y”, while 
that seen by the right contains the same proportion of 

y . 

It follows that with a single transforming unit of the type 
in Fig 6 or Fig. 7, a stereoscopic display can be achieved 
by using two tubes, one viewed by each eye, and simply 
adding to the X-deflecting voltage on each tube a small 
signal proportional (in this case) to +(zcos@ — y’ sin ®@). 
This is readily secured by ganging a second potentiometer 
to RV2, and feeding suitable fractions of its outputs z cos 
and y’sin@ either to opposing X-plates or to the corre- 
sponding subtracting circuit. 

Fig. 9 illustrates the principle in a block diagram, where 
the rectangles marked @ and @ comprise two-gang trans- 
formation circuits of the general type shown in Figs. 6 and 
7. The mixing resistors R; to R, are chosen to allow a small 
fraction of y” to reach opposing X-plates in the two tubes. 
R; and R, enable the attenuation of x” due to R; and R, 
to be matched. 

If slight imperfection is tolerable, an even simpler 
arrangement is possible (Fig. 10) in which only one tube 
receives the input from y”; the degree of binocular dis- 
parity (stereoscopic depth) is then adjustable by means of 
RV. 

Sample ‘ stereoscopic pairs’ of photographs from a three- 
dimensional display (prepared by Dr. M. E. Fisher of 
King’s College) are shown in Fig. 11. They may be 
viewed in any conventional stereoscope, or directly (after 
some practice) by allowing each eye to fixate the appro- 
priate picture. To see such apparently ‘solid’ objects 
rotate in depth, as 6 and @ are altered, however, offers a 
satisfaction al] its own. 
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A Graphical Analysis of the Blocking Oscillator 
(Part 2) 


(Voir page 326 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 333) 


The Valve 
Positive GRID OPERATION 

The blocking oscillator is a very economical type of 
circuit for generating relatively high power pulses from 
small receiving type valves, but its use is sometimes 
restricted because of the variations in pulse shape which 
may occur when the valve is changed. In general, the types 
of valve employed in blocking oscillator circuits were 
originally designed for negative grid operation, and the 
characteristics in the positive grid region are therefore not 
controlled by the manufacturer. This explains why. valves 
having identical characteristics under normal operating 
conditions will not necessarily produce identical pulse 
shapes in a blocking oscillator circuit. Experience has 
shown, however, that variations in pulse amplitude and 
duration can be minimized if the operating conditions 
of the valve are kept within reasonable limits. When the 
output pulse width is required to be independent of valve 
characteristics, a delay line must be employed to control 
the width of the pulse. 

The tolerances to be expected in valve characteristics at 
low values of positive grid voltage (OV to +30V) are 
related to the manufacturers allowable valve spread in the 
negative grid region. At high positive grid voltages 
(greater than +75V), much wider variations occur, due 
primarily, to differences in peak cathode emission. 
Although high values of peak current may be a desirable 
requirement, the highest value of grid-cathode voltage that 
can safely be used is limited by cathode emission and 
grid dissipation and depends upon the valve type and 
the duty ratio. As a general rule, in low duty applications 
(less than 0-001) the peak value of grid voltage during the 
pulse top should be kept below +75V. For higher duty 
operation, correspondingly lower peak values of grid volt- 
age should be used. The required operating conditions of 
the valve can be adjusted if necessary by a suitable choice 
of transformer turns ratio or by the inclusion of a series 
resistor in the grid, anode or cathode circuits. 

Ruggedized valves which have the same negative grid 
characteristics as their commercial counterparts often give 
much lower peak cathode currents under positive grid 
operation. This may be due to a change in cathode material 
or a lower operating temperature of the cathode in the 
ruggedized types. 


EXCesSs AND PEAK CURRENTS 

The most important characteristic of valves used in 
blocking oscillator circuits is the value of excess current 
available during the pulse. The higher this value, the 
longer the pulse or the greater the useful power than can 
be supplied to a load connected across a winding on the 
transformer. In Fig. 12, the variations in excess current 
are shown for the cases when different valves replace the 
46J6 in the original circuit, and Fig. 10 shows the effect 
on the pulse duration and shape. 

It will be noted from Fig. 11 that a peak cathode current 
greater than 500mA can be drawn from general purpose 


* Formerly C ossor Radar & Electronics Ltd. 
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valves such as $ 12AT7. Currents of this magnitude do 
not normally damage the cathode so long as the mean 
current is kept well below the manufacturer's rating. 
During valve life, the peak cathode emission falls off 
considerably, and it is recommended that allowance is 
made for this deterioration by limiting the peak cathode 
current during the pulse to less than 25 per cent of the 
peak cathode emission available from a new valve. 
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DISSIPATION 

Mean dissipation at the anode or grid is a product of 
pulse dissipation and the duty ratio. The pulse dissipation 
can be taken to be the product of the average current and 
average voltage at the electrode during the pulse top. The 
permissible grid dissipation is not normally given in data 
for receiving type valves, and its value depends primarily 
on the cooling arrangements and surface material of the 
grid wires. As a general rule, in low power blocking oscil- 
lator circuits the mean grid dissipation should be kept 
below 0-1W. Valves with fine grid wires require a smaller 
rating factor. 


CHOICE OF VALVE TYPE 

The choice of valve for a particular application depends 
primarily on the peak output power required in the load 
circuit. For the generation of low power pulses, the choice 
will be influenced by standardization of types, heater con- 
sumption, availability. or price. General purpose valves 
such as the 12AT7, 12AU7 or triode strapped 6AM6 are 
satisfactory for peak pulse powers up to 15SW. Pulses of 
higher power can be obtained from valves with bigger 
cathodes such as the 12BH7. When very fast rise-times 
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are required, the most suitable types are those giving large 
excess currents and low values of grid current during the 
major part of the rise, for example, the EL81. Some of the 
best valves for high power applications are types originally 
designed for series stabilizer operation. 

In general, optimum performance in blocking oscillator 
circuits is limited to valves having the following charac- 
teristics: (1) Good cathode emission. (2) Medium u 
(15-40). (3) Moderately high gm (4-10mA/V), (4) High 
value of i, at zero bias and (5) low knee voltage on the 
anode characteristic in the positive grid region. Some of the 
newer special purpose valves, such as American types 
5687, 5965 and 6463, have particularly favourable 
characteristics. 

EFFECT OF VALVE TYPE ON THE PULSE SHAPI 

It was shown in Part | that the amplitude, slope and 
duration of a blocking oscillator pulse are controlled by 
a combination of three factors; the transformer pulse 
inductance, the value of the blocking capacitor, and 
the positive grid characteristics of the valve. Chang- 
ing any one factor will affect the shape of the pulse, 
and in Fig. 10 waveforms have been constructed 
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Fig. 12. Excess current during pulse top for different valve types 





from the characteristic curves for the cases when the 
4 6J6 valve used in the original circuit (Lp = 0-SmH, 
C = 0-01uF) is replaced by 4 12BH7, 4 12AT7 or 4 12AU7. 
The method of constructing the waveforms in these cases 
is slightly different from the method previously described 
because the values of L, and C are already known and the 
anode waveforms will not necessarily be flat-topped. The 
equilibrium point is located on the valve curves as before, 
but the end of the pulse top cannot be found directly, and 
the following alternative method has been used to com- 
plete the paths of operation in Figs. 11(a), 11(b) and 11(c). 


The approximate terminating point is first located by 
dropping a perpendicular from the equilibrium point and 
noting the grid voltage where maximum excess current 
occurs. Since the value of the transformer inductance and 
the approximate voltage across the primary are known, the 
time taken for the primary current to reach the value of 
maximum excess current can be determined. The average 
value of grid current during the pulse top can be estimated 
from the valve curves, and the voltage drop across the 
blocking capacitor C in this time is then known. If this 
voltage across C is greater than the grid voltage drop 
(between the equilibrium point and the terminating point) 
the terminating point occurs to the left of the perpendicular 
line at a lower value of anode voltage. This fall in anode 
voltage during the pulse top appears at the grid as a rising 
voltage which opposes the voltage built up across C and, 
by a little trial and error, a poirft can be found where the 
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Fig. 15. Simplified equivalent circuit of transformer 








circuit conditions are satisfied. If the voltage developed 
across C is less than the grid voltage drop, the terminating 
point is located to the right of the perpendicular. The 
approximate time of rise is established by taking the 
average value of excess current during the rise-time and 
substituting in f- = (C/isiav)).V, where V is the anode 
voltage drop. 


Circuit OPERATION WITH PENTODES 

The mode of operation has so far been described 
for a blocking oscillator employing a triode valve, 
but some types of pentode are more suitable in 
applications where high anode voltages must be 
used or when flat topped current pulses are required. 


ELECTRONIC ENGINEERING 


¢ 


350 


Suitable pentodes include the EL81, EL360, CV2179, and 
CV2231. The operation of the circuit is influenced by the 
sharp knee and the bunching of the anode charac- 
teristics in the positive grid region (see Fig 13). At 
normal operating anode voltages, anode current is a 
maximum at relatively low values of grid voltage 
(+10 to +30V) and decreases slightly if the grid 
voltage is further increased. The pulse top tends natur- 
ally to be flat since the anode current is practically con- 
stant over a wide range of positive grid voltages, and the 
valve has a low anode impedance under these operating 
conditions. During the pulse top, the fall in grid voltage 
due to the charging of C causes both the excess current 
and the anode current to increase, and the point of maxi- 
mum excess current occurs at a lower grid voltage than 
with triodes. It is therefore more efficient to operate pen- 
todes at relatively. low values of positive grid voltage in 
order to save power that would otherwise be wasted in the 
screen and grid circuits. When the anode is returned to a 
high voltage supply, a resistor should be connected in 
series with the grid to limit the peak grid voltage swing. 
Alternatively, a transformer with a large step down ratio 
can be used, but the circuit is then more difficult 
to trigger and the rise- and fall-times of the pulse are 
increased. 


Figs. 13 and 14 show respectively the paths of operation 
and the waveforms when an EL81 replaces the 6J6 used in 
the original circuit. The construction of the pulse top 
waveform cannot be simplified in this case since the 
bunching of the characteristic curves makes the paths of 
operation unpredictable. In this circuit, L, = 0-‘SmH and 
C = 0-OluF and the rate of increase in magnetizing current 
and the charging rate of C can be found at each point 
using values of vi(av) and igiay) taken from the characteristic 
curves. For instance, during the first microsecond of the 
pulse top the average voltage across the transformer 
Viiav) = 9OV, and the magnetizing current therefore 
increases by 0-18A. This current is supplied by the 
excess current, which is equivalent to the drop in grid 
current (the anode current remains virtually constant during 
the increment). The value of grid current at the equilibrium 
point is 0-48A and the average value of grid current during 
the first microsecond is (0-48 — (0-18/2))A. From Fig. 13, 
the fall in grid voltage to give a 0-18A change in grid 
current is about 11V, but C charges by. 39V, so the voltage 
pulse across the transformer must change by approximately 
(39-11)V. This drop in anode voltage reduces the avail- 
able excess current to less than 0-18A, and v, must in fact 
drop by more than the estimated 11V in order to give the 
required value of i.. A little trial and error determines that 
the anode and grid voltage after lusec are 93V and 25V 
respectively. The step by step method has been used to 
construct the remainder of the pulse waveforms shown in 
Fig. 14. It will be seen that the anode current remains 
relatively constant during the pulse and that the pulse width 
is three times longer than with the 46J6 in the original 
circuit. 


The Transformer 


The complete design of the transformer involves a large 
number of factors, many of which are based on experience, 
and in this article it is only possible to deal with those 
factors which are of special importance in blocking oscil- 
lator applications, namely, the pulse inductance L,, the 
leakage inductance Ly and the effective shunt capacitance. 

The simplified equivalent circuit of the transformer is 
represented in Fig. 15. C; and C, comprise respectively the 
shunt capacitance of the primary and secondary windings 
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to the core and include the effective capacitance between where N = number of primary turns 

the primary and secondary windings. Although this inter- A = cross-sectional area (cm’*) 

winding capacitance is smoothly distributed along the / = mean magnetic path length (cm) 
winding, for the purpose of the analysis it has been lumped K = stacking factor 

with the shunt capacitances into two parts (Ci and C,). and u, = pulse permeability of the core material. 
This simplification does not normally introduce serious 
errors into the result, and in many cases when Ly is small, 
the circuit can be further simplified by putting the entire 
interwinding capacitance across the primary winding. 


Pulse permeability may be defined as the ratio of the 
flux density change to the total magnetizing force required. 
Values of , are not generally available, and those shown 
in Fig. 16 have been determined by the method illustrated 
PULSE INDUCTANCE AND PERMEABILITY in Fig. 17, using typical core assemblies. It will be seen that 

The pulse inductance L, is the most important factor /» iS not constant for a particular core material but varies 
because it determines the magnetizing current flowing in Widely with lamination thicknesses and to a certain extent 
the primary winding at the end of the pulse top (E with the duration of the applied pulse. A full description 
L,(di/81), where E is the pulse amplitude for Stsec). The Of the magnetization process in the core of a pulse trans- 
required value of Ly, can be obtained by applying the former is Outside the scope of this article, but the essential 
expression : principles will be mentioned. 

When a voltage pulse is applied to a transformer there is 
.10-°H a change of flux in the core, The magnetizing force causing 
the change may be split into two components; one supplies 
the useful flux while the 
other component provides the 
energy for eddy currents and 
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Fig. 16. Average values of “ for various cores 
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The available flux swings for typical core assemblies can 
be taken to be 1 000 gauss for Mumetal and Ferroxcube A, 
2 000 gauss for Radiometal, and 4 000 gauss for orientated 
silicon steel in low duty ratio applications (less than 0-01). 
When the duty ratio is higher, it may be necessary to lower 
the above values of 4B or apply a bias to the core. The 
values apply in most blocking oscillator circuits since the 
core is normally operated below saturation. 

The inclusion of air-gaps reduces the pulse permeability 
but increases the available flux swing during each pulse 
and hence delays the start of cere saturation. In circuits 
where core saturation has been allowed to occur before 
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Fig. 17. Method of determining /, 
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Fig. 18. Build-up of flux due to application of pulses to winding 
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Fig. 19 (a) Outputs taken from the same end of winding. Windings have 
same angle of rotation 


(b) Output taken from different ends of the winding. Windings 
have opposite angle of rotation 


the maximum value of excess current is reached in the 
valve, an increase in the air-gap reduces Ly, but para- 
doxially increases the duration of the pulse. 

The choice of core material is often a compromise be- 
tween performance and cost. For sharply rising pulses, 
thin laminations have the highest values of pulse perme- 
ability and give the best results, but transformers using 
these cores are most expensive to produce, Ferroxcube A4 
or 0-004in Mumetal are generally. satisfactory for short 
pulse applications, while Radiometal and orientated silicon 
steel are more suitable for longer pulses where larger flux 
swings occur. 


WINDING ARRANGEMENT 
The primary and secondary windings should be single 
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layer and of suitable gauge to fill the winding length, and 
should be separated by sufficient insulation to prevent 
breakdown between windings during the overswing. 
Reducing inter-winding spacing reduces the leakage induct- 
ance but increases the effective shunt capacitance of the 
transformer. With triodes, where the rate of increase of 
grid current can be very high during the leading edge, it 
is usually advantageous to decrease the leakage inductance 
at the expense of an increase in capacitance. However, when 
pentodes are used, the greater part of the grid rise takes 
place with zero grid current, and it is often worth while 
to reduce the effective capacitance at the expense of leak- 
age inductance by increasing the space between the wind- 
ings or by winding the primary and secondary side by side. 

The effective leakage inductance Ly is not strictly 
independent of frequency, but for design and comparison 
purposes, it is usually sufficiently accurate to take the value 
determined in the normal manner by measuring the induct- 
ance of the primary winding at audio frequency when the 
secondary is short-circuited. A normal value for Ly is 
0-005 Ly. The effect of Li on the circuit operation is com- 
plex and will be dealt with separately. 

The effective capacitance between the windings is depen- 
dent on the winding arrangement. Two arrangements are 
possible for blocking oscillator transformers having single 
layer windings with phase reversal, and these are shown 
in Fig. 19 for a 1:1 turns ratio. When the windings are in 
the same direction, as in (a), the effective shunt capacitance 
is the same as the measured capacitance since there is a 
constant voltage gradient between windings along the whole 
winding length. When the primary and secondary windings 
are earthy at the same end (Fig. 19(b)), the effective capa- 
citance 4/3 of the measured value and this arrangement 
therefore gives a slower rise-time to the pulse. 

The resistance of the windings is usually. small (less than 
1022) compared with the valve impedances and may normally 
be neglected in the analysis, However, if thin wire is used 
with a large number of turns, the resistance should be 
taken into consideration when drawing the paths of opera- 
tion and in calculating the value of C. 


DESIGN PROCEDURE 

The following procedure is suggested for the electrical 

design of the transformer. 

(1) Choose the core material, size and thickness of 
laminations according to the pulse permeability and 
flux swing required. 

(2) Calculate the approximate number of primary turns 


required {| N = Eyl. 10” : using an average 
47 AK uy 


value of wp from Fig. 16. 

(3) Determine the flux swing of the core (6B = 
(Et. 10°/NK A)) to obtain a more accurate value of 
uy and also make sure that the core will not saturate. 

(4) Re-calculate the number of turns using the new 

value of pp. 

(5) Determine the gauge of wire necessary. to just fill the 

winding length. 

As an example, a transformer will be designed to satisfy 
the requirements of the circuit previously considered when 
dealing with the construction of the waveforms. In this 
case E = 98V, t = lusec and the required value of L, = 
0-SmH. 

Ferroxcube would be the most economical core material 
for this pulse duration, but owing to the low losses of this 
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material, an external damping resistor would be required 
across one of the transformer windings to prevent re- 
triggering of the circuit by the overswing voltage, and this 
resistor would modify the values of L, and C previously 
calculated to produce a Iusec pulse. A suitable alternative 
core can be made up of 0-004in Mumetal, and the losses ia 
this material would normally be sufficient to prevent re- 
triggering of the circuit without an external damping 
resistor. Using a 0-25in stack of Inter-Services shape 450 


+V 





Fig. 20. Simplified circuit with leakage inductance included 
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ANODE VOLTAGE 
Fig. 21. Positive grid characteristic for average 4636 
Effect of Ly on paths of operation during leading edge 


lamination, the constants of the core are A = 0-403cm’, 
1 = 5-06cm, K = 0°8. Fig. 16 shows that yp, lies between 
500 and 900 for a lusec pulse, and a value of 700 will be 
used to determine the approximate number of turns. 
enna Ll 10° 

4r AK py 
The flux density swing is: 
Et . 10° 
“NKA 
The new value of i» is then 600 and the correct number of 
turns is 32. 32 s.w.g. enamelled wire would comfortably 
fill the 7/16in winding length. 


) '—30 turns. 


5B = = 1010 gauss. 
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LEAKAGE INDUCTANCE 


In the construction of the waveforms considered earlier, 
it was assumed that the transformer leakage inductance 
was zero and that for a 1:1 turns ratio, a change of voltage 
at the anode of the blocking oscillator valve produced 
instantaneously an equal and opposite change at the grid. 
The effective transformer interwinding capacitance and 
the stray capacitances were lumped together and the paths 
of operation and the pulse shapes were constructed on 


200 








t (msec) 











¢ (mpsec) 
Fig. 22 (a) Effect of Ly on leading edge of anode voltage waveform 


(b) Effect of L, on leading edge of grid voltage waveform 


(c) Effect of Ly on leading edge of anode and grid current 
. waveforms 


the assumption that this total capacitance appeared 
between anode and cathode. The presence of leakage 
inductance however, modifies the circuit operation during 
the leading and trailing edges of the pulse by partially 
isolating the grid circuit load from the anode circuit and 
thereby reducing the rates of change of grid current. 

Fig. 20 shows the simplified circuit of the blocking 
oscillator when leakage inductance Ly is included. The 
transformer shunt capacitance has been split into two 
parts and lumped with C, and C,. 

The operation of this circuit during the leading edge 
is difficult to analyse quantitatively but it is possible 10 
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plot the paths of operation by the step by step method. 
This involves taking increments of anode and grid 
voltage, and finding by trial and error, the points on the 
characteristic curves which satisfy the circuit conditions. 
These conditions require that for each increment, the 
time taken for the mean excess current to charge C, 
is equal to the time taken for the corresponding increase 
in grid current through Ly. 

In Fig. 21 the paths of operation are drawn for the 
cases when Li=0, 10uH, 50uH and 200uH, and the 
method of construction will be illustrated for a typical 
increment a b c d. The mean excess current during this 
increment is 150mA and since this current flows into 
the shunt capacitance at the anode (SOpF), the time 
taken for the anode to drop from 100V to 75V is 6t= 
Ca bVa/ie=8-3mysec. 

At the start of the increment (b—c) the anode has 
dropped 100V from its initial value while the grid voltage 
has increased by only 37V, so that the voltage across Ly 
must be 63V. As the anode falls a further 25V, the grid 
rises by 8V giving an additional 17V across Lyi. The mean 
voltage during the increment is then 71-5V. The character- 
istic curves show that the grid current (i.e. — the current 
in Ly) increases by 60mA and, from the expression E= Ly 
6i/dt, the time taken for this rise is 8-4 musec. 

Since the time of rise of grid current during the incre- 
ment is virtually the same as the fall time of the anode 
voltage, the points on the curves have been correctly 
chosen. If the times had differed however, other values 
of grid voltage would be tried until the conditions were 
satisfied. 

The waveforms in Fig. 22 have been drawn by the 


step by step method. It will be seen that the presence of 
leakage inductance slows down the rates of change of 
anode and grid current and introduces an overswing into 
the anode voltage waveform. The grid voltage rate of rise 
is considerably reduced relative to the rate at the anode, 
causing C, to have less effect on the circuit operation 
than C,. 

In many practical applications, it is useful to be able to 
estimate the effect of leakage inductance on the rates of 
rise of anode and grid current without having to construct 
the waveforms by the laborious step by step method. If 
an average value for the grid resistance rgay) is derived 
from the valve curves, the rise in grid current during the 
leading edge is given approximately by: 


ig = Imax | 1 — exp pe } 
Li 


where Imax is the final current at the equilibrium point, 
taken in this approximation to be the same value as for 
the case when L,=0. It will be noted that this expression 
gives an instantaneous rise in grid current when Li1=0 
whereas the actual rise time has been previously shown 
to be, tr=C.V/ieay. A closer approximation is therefore 
obtained if this value of rise-time is added to the grid 
current rise derived from the above expression for ig. 
With a well designed and carefully manufactured trans- 
former, the ratio of Ly, to Ly is less than 0-005:1, and the 
effect of the leakage inductance on the paths of operation 
and the leading edge of the pulse can usually be ignored. 


(To be continued) 


The Simulation of Transfer Functions on an Analogue Computer 


By F. C. Harbert*, B.A. 


This article describes a one-amplifier circuit for performing the operation of double integration 
and a method of synthesizing polynomial transfer functions on an analogue computer. 


(Voir page 394 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 400) 


OST users of analogue computers are familiar with 
the second order circuit in Fig. 1 which has the 
transfer function 


VAs) 
hs (R,/2R:) 
Vils) 


1 + (RiCs/2) + RCs 


4 
(1) 
If Rs is removed from the circuit (i.e. R; > ~~) the trans- 
fer function reduces to 


2 
RY°C*s 
Thus one amplifier can be used to perform double inte- 
gration; an operation which usually requires two ampli- 
fiers, or three if the sign of the output is taken into 
account. 
By connecting output to 


input the double integral 


* Louis Newmark Ltd 
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circuit can be used as a simple one amplifier oscillator. 
Referring again to Fig. 1 with R; omitted it can be shown 
that the transfer function between V2 and the input is 
given by 

VAs) 1 

Viis) RiCs(2 + Ts) 

It would appear at first sight that Vz could not be used 
as a signal due to circuit loading but as the grid of a 
computing amplifier is at virtual earth, the resistor (R/4) 
can be utilized as the input to any additional amplifier. 

It can thus be seen that in many problems the double 
integral circuit can, with ingenuity and skill, lead to a 
great saving in the number of amplifiers required. For 
this reason its use can greatly increase the capacity of 
small analogue computers. 


Simulation of High Order Transfer Functions 
A basic approach to the simulation of transfer func- 
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tions on an analogue computer is 
to convert the expression to its 
differential equation form and set 
up the computer to solve this 
differential equation. An alternative 
method of synthesizing transfer 
functions makes use of the rela- 
tionship 


KG(s) 
1 + KG(s) 
where KG(s) is the transfer 


function of the forward path of a 
closed loop. This method has the advantage that in general 


Fig. 
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= Fig. 1. Second order log network 
fewer amplifiers are required. To illustrate the method con- 
sider first the transfer function, 
V As) 
Vi(s) 1 
Putting O(s) = s+ +8, 
VAs) 1 
Vis) + O(s) 


1/Q(s) 
1 + 1/Q(s) 
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Fig. 2. Feedback loops required to simulate the transfer function 
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From equation (6), it is seen that |/Q(s) is represented 
by KG(s) in equation (4). If a 
‘block’ circuit could be designed 
to produce 1/Q(s), feedback could 
be added around it to produce the 
required results. Thus the problem 
is to generate | /Q(s). 


Now 
rv wy) 


1 1 
Os) s+st+s 7+2 a—f en Yamal shawls aelps Heol. 


1/s can be produced by using an | apnpd 
integrator. Thus the problem | ie 


reduces to generating 


|| 
Q: (s) = | > 2 


L 


- 
| 
| 
| 
| 
L 


The process is now started again 
and repetition of the method pro- 
duces the series of feedback loops 
shown in Fig. 2 

In the above example all coefficients have been made 
unity in the transfer function to simplify the working. 
However, the method is generally applicable. 
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the simulation of the transfer function 
1 
a+ bs + cs* + ds* 


The transfer function 


(9) 
a+bs+cs + ds 
can, by the above method, be 


puter arrangement in Fig. (3). 


simulated with the com- 


Consider now the transfer function 


+ hs 


Pe ca cx ee 


Referring to Fig. 3 the signal at point A referred to 


' l , 
the input is Vi. 
a+bs+cs*+ds 


At point B (the input end of the third integrator) the 


L § : 
1S 3a V 


at D 
a+bs+cs'+ds } + ds 


signal 


S 


Thus the 


terms in equation (11) can 


t ds* 


readily be obtained and the 
is shown in Fig. 4. 
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Fig. 4. Computer circuit for the simulation of the transfer function 


b e+ + Rs* 


+ ds* 


js + gs* 


tions of any order and when some coefficients are zero 
the number of amplifiers used can be reduced by employ- 
ing the double integrating circuit. 
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Henri de France Colour Television System’ 


cs known systems of colour television, when cutting 
down the chrominance signals the horizontal colour 
definition is lowered to an extent which is not perceptible 
to the eye. But vertical definition is practically un- 
changed. This fact seems rather abnormal when one 
considers that in all Standards, bandwidth and number of 
lines are related to achieve balance between the hori- 
zontal and vertical definition. 

The first important aspect of the ‘Henri de France’ 
system takes advantage of this observation; it is of little 
interest to supply the eye with colour information which 
is denser in the vertical direction than in the horizontal; 
having reduced the horizontal colour definition it is also 
possible, without disadvantage, to supply the new chrom- 
inance information in every other line only. 

The application of this first idea gives the system its 
second, and no less important, characteristic. It is clear 
that the simultaneous transmission of three sets of in- 
formation over a given frequency band raises greater 
risks of interaction than if only two signals were trans- 
mitted simultaneously over the same frequency band. 
Sequential transmission of chrominance information, the 
means employed in the Henri de France system for 
harmonizing the vertical and horizontal colour definition, 
makes it possible to transmit only two sets of information 
simultaneously. 

At the transmitter, luminance information is _trans- 
mitted over a wide band for all lines, in accordance with 
the usual rules for black and white television, but each 
of the complementary chrominance signals is alternately 
transmitted, over a narrow band, only every other line. 

The chrominance information which is not transmitted 
is little different from that corresponding to the preceding 
line, this information having already been transmitted. 
At the receiver, it is considered as being identical, the eye 
being incapable of appreciating the difference. This 
therefore provides three 





simultaneous signals while En'o- 





it is interlaced. It can be transmitted with symmetrical or 
asymmetrical sidebands. In order to reduce its effect on 
the luminance signal its frequency is chosen as an odd 
multiple of half the line frequency. 

The arrangement obtained in this way is compatible. 
The black and white picture can be extracted from the 
composite signal by a simple filter. Conversely, the 
principle of constant luminance being observed, a colour 
receiver gives a faithful reproduction of a black and 
white picture. 

Lastly, stress should be laid on the fact that the chrom- 
inance sub-carrier is at all times modulated only by a 
single signal. This secures all the advantages of a single 
modulation. For example, if the sub-carrier is amplitude- 
modulated, there is no need to be concerned about spuri- 
ous phase modulation. If the sub-carrier is phase- or 
frequency-modulated, then the behaviour of the ampli- 
tude of the sub-carrier is of no significance. 

In short, it can be said that the Henri de France system 
is characterized by: 

(a) Sequential transmission of chrominance informa- 

tion lines. 

(b) Simultaneous transmission of two signals instead of 

three. 

(c) Single signal modulation of the chrominance sub- 

carrier. 

(d) Storage at the receiver of chrominance informa- 

tion from. line to line. 


Transmission Encoder 


Fig. 1 shows the arrangement of the encoder. 

This unit processes the composite signal FE,’ from the 
camera voltages Ea’ Er’ Ex’ and also the synchronizing 
and sub-carrier frequency voltages which it produces 
itself. 
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the receiver cathode-ray tube; 
the other makes it available 
for the following line. 

At the transmitter, the two chrominance signals, multi- 
plexed in time, are frequency multiplexed with the lumin- 
ance signal so that it may be transmitted at the same time 
as the latter. The luminance information keeps its 
normal place in the frequency spectrum. A sub-carrier 
allows these two chrominance signals to be transposed. 
It is situated at the end of the video spectrum with which 


* Compiled from information supplied by Cie Francaise de Télévision 
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Fig. 1. Block diagram of encoder 

The three signals, Eq’ Er’ Ex’, issuing from some 
analyzing device are applied to a matrix «Sy supplying the 
luminance signal by linear combination of the three 
signals. After the synchronizing signals have been added, 
the signal E,’ is applied to a delay line whose function 
is to phase together the luminance and chrominance sig- 
nals, and then to a chrominance mixer which also super- 
imposes the modulated sub-carrier. 
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Two other matrices y and «”2”y” produce wide- 
vand chrominance signals E.,’ and E..’ which are applied 
to an electronic switch controlled at line frequency by 
the synchronization generator. A filter follows the output 
of the electronic switch and reduces the bandwidth of the 
chrominance signals. These narrow-band sequential sig- 
nals then drive the sub-carrier modulator. This sub- 
carrier is not sent continuously to the modulator to 
be modulated by the chrominance signals. It is pre- 


a [3% 





‘ ‘ 
& LUMINANCE & 


they reproduce the true signals E and Ee and not trans- 
posed signals. 

A chrominance matrix then effects the transformation 
of (Ea, Ew) into (Ex — Ex, Ea — Ey, En — Ex). It will be 
noted that Ey contains only the low-frequency com- 
ponents Ey of the chrominance signal Ey’. Finally, these 
three voltages Ex—Ey, Ea—Ey and Ex—Ey are applied 
to each grid of a three-colour tube with three guns whose 
three cathodes are fed in parallel by Ey’. 
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delay of 46usec is necessary 
in converting the line sequen- 
tial chrominance signals to 
continuous form. This prob- 
lem has required special 
attention and, after investi- 
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Fig. 2. Block diagram of decoder 
modulated by signals issuing from the colour synchron- 
izing generator and is used to discriminate between the 
two chrominance signals. This pre-modulation is in fact 
a blocking of the sub-carrier which occurs at the same 
instant as the line synchronization signals of the black 
and white picture. The sub-carrier blanking signals are 
rather wider than the line synchronizing signals of the 
black and white picture and overlay the blanking levels 
proper to that picture. The sub-carrier suppression 
pulses, syn, vary in width on alternate lines. This allows 
the two chrominance signals to be separated. 


Receiver Decoder 

Referring to Fig. 2, the composite signal E,’ passed to 
the decoder input is first subdivided, by filtering, into two 
signals, the luminance Ey’ and the chrominance E. or Ee 
transposed by the sub-carrier. The use of the two chrom- 
inance signals E.. and E. will now be examined in detail. 
The first operation to carry out is their identification, as 
either are liable to appear at any instant; this is the role of 
the pulses Sy-1 and Sy.2 which control the switching genera- 
tor at the right instant. After identification, two sequential 
signals must be converted to two simultaneous signals. 
In the exposition of the general principles it was seen 
that the eye is insensitive to amplitude variations of E. 
or E.2 from one line to the next. In order to effect the 
sequential-to-simultaneous conversion, systematic use is 
made of the chrominance information E. or E. available 
at a given moment and the chrominance information E.~ 
or E. transmitted at the preceding line. The sequential 
signals are transmitted over two channels, one direct 
and the other with a transmission delay equal to the 
duration of one line. At the output of these two channels 
two signals are simultaneously available E. and Ew. One 
output provides in succession Ex Ewe En Eo... ete... 
and the other Ew Ea Eo Eu... etc. All that is needed is 
to switch these two outputs in synchronism, at line 
speed, to two new channels in order to obtain two 
simultaneous and continuous voltages E.. and Ew. These 
operations are effected by switches 1 and 2. 

The twin outputs of switches | and 2 feed two detectors 
which rectify the sub-carrier envelope, that is to say 
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teristics of this are as follows. 
The transducers are barium 
titanate ferro-electric cells 
using the propagation of longitudinal sinusoidal waves 
in a solid medium of fused silica. 
These lines have the following characteristics: 
Delay 
Pass-band at 3dB about the 
4-1 Mc/s sub-carrier 
Spurious echos 


64usec 


1-1Mc/s 
28dB below 
useful signal 
29dB 

less than 10*/°C 
25mm 


the 


Attenuation 
Temperature co-efficient 
Dimensions: height 


diameter 75mm 


Further work is in hand for improving certain 
characteristics and for further reducing the cost. But it 
is already clear, judging from these latest results, that 
the problem of the delay line has become a secondary 
one, both from the technical and economic point of view. 


Tests on the Effects of Distortion and Spurious Signals 


Experiments have shown that, as expected, the Henri 
de France Colour System is virtually immune to differen- 
tial phase distortion of the type frequently encountered 
in f.m. links. 

Differential gain should be constant to within about 
1dB to avoid hue distortion. Also, to avoid colour satura- 
tion distortion a tolerance of 1dB is placed on the 
luminance-chrominance gain ratio. 

For uniformly distributed noise, the threshold of noise 
visibility on the colour picture is found to be about 10dB 
below that of the monochrome picture. In the case of an 
interfering signal at sub-carrier/frequency the visibility 
threshold of the intereference pattern occurs at a level 
13dB below that of the monochrome picture. 


Reducing the Visibility of the Sub-Carrier 

Line sequential transmissions of the chrominance 
signals can result in a coarse sub-carrier dot-pattern if 
there happens to be a significant difference in the ampli- 
tude of the two signals. 
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This defect can be reduced by reversing the sequence 
of the signals at the end of each field. The resultant dot- 
pattern then has a downward diagonal crawl. A further 
improvement can be effected by periodically reversing 
the direction of the crawl; this is done by omitting to 
reverse the colour sequence in alternate groups of four 


Computer for Air Traffic Control 


One of the first computers to be used for air traffic 
control experiments in this country is to go into operation 
at the Scottish air traffic control centre at Redbrae, Prest- 
wick, early in the spring of next year. 

The computer, known as APOLLO, is a high-speed, 
transistorized, parallel machine, which is at present under 
construction at the computer research establishment of 
Ferranti Ltd at Bracknell, Berkshire. It will be used for 
processing flight information, but initially this will be done 
only on an experimental basis. 

The main problem facing civil air transport today is 
the ever-increasing number of piston-engined aircraft 
flying on the Atlantic routes and the rapid introduction 
of turbo-jet aircraft requiring different control techniques, 
both factors combining to aggravate potential hazards. 
This brings with it the attendant problem that as the 
numbers of aircraft increase, so does the volume of work 
for controllers. 

With this in mind the Ministry of Aviation approached 
Ferranti Ltd to design a computer which could be used 
for experimentation in order to find a solution to the 
more efficient use of airspace by investigating new con- 
trol techniques and the possibility of using smaller separa- 
tion standards. It was also felt that the use of the com- 


puter could ease the manpower problem to some extent 


as it would free the controller from a number of time- 
consuming routine tasks. 

Aircraft flying the North Atlantic are subject to rigid 
traffic regulations. Whether flying eastbound or west- 
bound, each aircraft must conform to agreed separation 
standards, which are 30 minutes longitudinal flying time 
between aircraft, 2° of latitude and 1000 or 2 000ft in 
height, according to the flight level. 

To prevent possible collisions, as there may be as many 
as 100 aircraft in the sky at any one time, it is the oceanic 
controllers’ duty to be fully aware of traffic conditions 
and to re-route aircraft, should it be necessary, to avoid 
infringement of separation standards. 

For this purpose, careful attention is paid to pre-flight 
planning and the present practice is for pilots to submit 
a flight plan some hours before the proposed departure 
time. Flight progress strips are then prepared for use on 
the controllers’ flight progress boards. These strips con- 
tain such information as the aircraft identification num- 
ber, aircraft type, point of departure, departure time, 
destination, cruising speed, and altitude, longitude and 
estimated time of arrival at specified meridians. Radio 
contact is also maintained between the aircraft in flight 
and the control centre, so that position reports giving 
time, altitude and latitude at the meridian just crossed 
and estimates for the next meridian, can be verbally re- 
ported by the pilot. In this way the controller is able to 
keep a detailed record of the route and position of each 
aircraft, in the form of flight progress strips, which 
enables him to make control decisions. 

The whole process of sorting out information, amend- 
ing flight progress strips and guarding against infringe- 
ments of the regulations is carried out manually by the 
controller. 

The new computer, which has taken two years to 
develop, will print out flight progress strips relating to 
each aircraft and provide up-to-the-minute information 
on air traffic conditions. It will also carry out calcula- 
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fields but instead reversing the phase of the sub-carrier. 
Eight fields are then required to establish the behaviour 
of the dot-pattern. 
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tions to see whether aircraft are in conflict and, if it is 
found that separation standards are being infringed, de- 
tails of this will be printed out for the benefit of the 
controller who retains the basic responsibility of re- 
routing the aircraft. The complete situation may also be 
shown pictorially to the controller. 

The computer which works in real time consists basic- 
ally of three cabinets, each 6ft high, 22in wide and 19in 
deep. Positioned alongside the computer is a table upon 
which is mounted a number of Creed 25 tape punches 
and in front of the computer is the control desk upon 
which is mounted a Ferranti TRS tape reader and a Creed 
75 printer. 

The left hand cabinet contains racks of printed pack- 
ages which carry out the arithmetic and control opera- 
tions of the computer, next to that is the cabinet con- 
taining the programme and data store as well as the 
power supplies. The third cabinet contains input/output 
logic for control experiments. A fourth cabinet on the 
extreme right contains electronic equipment, developed 
by the Ministry of Aviation in conjunction with R.R.E. 
for cathode-ray tube displays. 

For processing flight information, the computer receives 
data from the local operators by way of four Creed 
printers with keyboards. Under the new system, the 
operators will receive the same information as the con- 
troller now receives. This information will be sorted out 
in conjunction with a controller and only relevant inform- 
ation will be passed to the buffer store of the computer. 
At the same time, a record of what has been typed appears 
on the printer associated with the keyboard, and if the 
operator is satisfied that everything is in order, he then 
presses a key on the keyboard indicating to the com- 
puter to transfer the information into the main file. 

Depending on the message, certain stored programmes 
are brought into action and data is processed and checked 
for conflict. If the information concerns a flight plan 
it is stored until the departure time is received. This 
information is then processed and flight progress strips 
are printed out automatically on Creed printers. This is 
done according to a time criterion, which enables the 
strips to be entered on a board in readiness for the 
entrance of an aircraft into the controlled area. 

Another feature of the machine is that the programme 
can be interrupted at any time and a wide variety of 
special sub-routines inserted into the programme auto- 
matically. This interrupt facility, which is carried out 
on a priority basis, enables the computer to deal with 
data-processing functions which originate with little or 
no advance notice, a particularly important factor in real 
time applications such as air traffic control. 

It also incorporates a time-sharing facility which en- 
sures that it can be always fully engaged even while 
peripheral transfers are taking place. Although opera- 
tional programmes have priority, the computer can also 
be used for carrying out routine calculations and develop- 
ing programmes. 

The cathode-ray tube visual displays are employed as 
another means of showing numerical data stored inside 
the computer memory to the controller, and they may 
also be used to show plan position information. 

For real-time operation, a time register containing a 
number representing G.M.T. is fed by pulses from a 
master clock, but for non-real time applications the 
register can be fed from an independent variable oscillator. 
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The Design of 
OPTICAL DIGITAL INSTRUMENTS 


By I. R. Young*, B.Sc. 


Various design considerations for optical digital instruments are first discussed with emphasis placed 

on the importance of readings being at once available if demanded, as this is desirable in time 

sharing systems. Some low resolution instruments are then described with notes on the use of the 

data obtained from them. Finally, the problems associated with the design of very high resolution 
units are briefly described. 


(Voir page 394 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 400) 


PTICAL digital measuring systems are capable of 

extremely high resolutions, probably greater than with 
any other method. This article discusses some problems 
associated with the design of digital instruments using 
optical techniques. 

There are two main approaches; one using coded scales’”, 
and the other diffraction gratings**. It is possible to use one 
or other of these in various forms, or in conjunction with 
other types of scale*, but these do not constitute funda- 
mental types. 

In arguments about the relative merits of coded and 
counting systems, the most common basis for attacks on 
the latter is the danger of missing counts, and consequently, 
of changes in the origin of the measurement. This can be 
minimized electrically, and a technique for incorporating 
check marks on the scale will be described, but it is more 
difficult to see a solution for another major disadvantage. 
This is the fact that whereas the outputs from a number of 
coded commutators can be fed, using time sharing, through 
One Output system, each fringe detecting unit must have a 
counter permanently associated with it, in addition, prob- 
ably, to output equipment which can then be common to 2 
number of counters. Primarily for this reason, the bulk of 
this article is devoted to coded scale considerations. 


Some Design Pointers 

The design of an optical coded commutator can vary 
enormously with the use to be made of the output signals 
from it. A digitizer, the output from which is to be con- 
tinuously displayed, can be very different in struc 
ture from one which is being sampled intermittently 
for short periods. In both cases, the idea of the accessibility 
of information is important. If a reading must be obtained 
in an arbitrarily short time after a demand for it has been 
made, the scale must contain all the information which 
is needed and the detectors must record it all at once. If 
the time is very short, flying spot systems in which a light 
spot is traversed across the scale, and detected by a single 
cell, may be impracticable. Similarly, code arrangements 
in which, for example, the elimination of ambiguity depends 
on one or more circuits being set from the scale before 
another part can be read, may also be unusable. 

The requirements for high accessibility usually elimi- 
nates the easiest method of achieving very high digital 
resolutions in which the scale consists of fine lines (which 
are ‘numbered’ by a coarse code) accurately spaced at a 
convenient but relatively large distance. The line centres 
are determined by a photo-electric microscope*’ or similar 
device, and the interval between the lines is resolved by a 
micrometer with appropriate coded scales attached to it. 


* Evershed and Vignoles Ltd (formerly with Hilger & Watts Ltd) 
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Thus, a linear resolution of 0-000lin can be conveniently 
obtained using a scale with lines 0-000S5in wide positioned 
0:1000in apart centre to centre. The micrometer must then 
have a resolution of 1 in 1 000. It is obvious, however, that, 
as the micrometer can only be read when a line centre is 
being detected, it is impossible, in general, to obtain a 
reading within perhaps 10 to SOmsec of a demand for one 
being made. 

Requirements for high accessibility also condition the 
type of code to be used. There are three fundamental 
methods of avoiding ambiguity—the guard ring technique 
in which a track of the code is used to prevent readings 
being taken in places where tracks are changing; the choos- 
ing system in which pairs of detectors are used on all tracks 
except the least significant and the one of each pair to be 
read determined from it; and the use of a cyclic permuting 
code in which only one track changes at any one place. 
The first has obviously a very low accessibility as over a 
finite fraction of the disk no reading at all can be obtained; 
the second can be read quickly but involves duplication of 
detectors and often amplifiers (though if time is available 
it is possible to select which cell of each pair is to be read 
and use one amplifier. This involves a delay between the 
interrogation of the reference cell and the other detectors.) 
Particularly in small digitizers the main difficulty with this 
technique is the close packing needed for the cells and, 
for this reason, unless otherwise stated, only cyclic coded 
systems will be considered. 

Design can also be very much affected by the frequency 
with which readings are taken, and by the duration of any 
one interrogation—these two are, in general, completely 
independent. From a theoretical point of view, the latter 
in particular, can affect the resolution of which a given 
configuration of lamps and detectors is capable. From a 
practical point of view, these parameters are important 
mainly in deciding the type of lamp to be used. In most 
applications it seems that the interval between the readings 
is long compared with the time of an interrogation. This 
is an argument for-the use of cold-cathode discharge lamps, 
in which the intervals between readings are not simply a 
waste of lamp life. Obviously a system in which tungsten 
filament lamps must be switched on before a reading may 
be taken is one with very low accessibility. 

Another problem is the way in which the outputs from 
the cells are to be specified. In principle it is sufficient that 
the signal contrast between the ‘light on’ and ‘light off‘ 
conditions should be sufficiently great, though it is 
obviously desirable that the minimum ‘on’ signal should 
be large enough to avoid much amplification—in any 
system the contrast is ideally large between the greatest 
‘light off’ signal and smallest ‘light on’ one (which may 
be from another part of the device altogether). 
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Reading Techniques 

There are three primary techniques for reading coded 
commutator scales optically, of which the simplest uses 
a number of photo-detectors and one or more d.c. lamp 
sources—this type of approach is, of course, obligatory 
with fringe counting systems. 

Secondly, the arrangement of the cells can be like that 
in the first case but they are illuminated by an a.c. source 
(giving a pulsed or flashed light, or a continuously modu- 
lated one.) Thirdly, a single detector may be used with a 
light source which illuminates the code tracks in series. 
The work to be described here is all concerned with the 
first and second approaches. 

The two methods of reading optical digitizers have been 
hinted at—that in which the output is continuously moni- 
tored, and that in which it is sampled. The latter is prob- 
ably the more generally useful as readings can be taken 
very quickly and, as repetition rates are often low, the 
amplifiers, decoders, and so on can then be used for other 











Fig. 1. Schematic drawing of a small optical digitizer 


digitizers in the intervals between interrogations. This 
method lends itself to units using a flashed light source. 

With a modulated light continuous outputs can be 
obtained by demodulating the signals from the digitizer, 
but this arrangement limits the speed at which the shaft 
can be turned as it is necessary to allow 5 to 10 cycles of 
light to establish the presence or absence of an output from 
a cell. As moving mechanical parts and large optical 
systems are undesirable in a digitizer, modulation fre- 
quencies are necessarily fairly low, and the shaft speed 1s 
limited to that in which the order of only 1 000 digits per 
second pass the detectors. 

Systems using d.c. light can give either type of output 
(sampling being achieved by pulsing the cells) but do 
depend on having stable and uniform detectors. 


Low Resolution Digitizers 

It is convenient to divide the instruments to be discussed 
into two classes—low resolution and high resolution—the 
division being made by whether or not the unit has a pro- 
jection optical system to image the scale on a graticule. 
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In practice, on this argument, units in the high resolution 
class have a digit size less than about 0-003in. 

Two types of detectors are used in the low resolution 
instruments—silicon photo-voltaic and Hilger Schwarz 
photo-conductive cells. The approaches needed in using 
these very dissimilar types differ considerably in philosophy 
and operation and they will, therefore, be discussed with 
little reference to each other. 

Schwarz cells have a very high sensitivity, but their varia- 
tions in cut-off frequency (anywhere between 50 and 
300c/s) dark resistance and temperature coefficient of 
sensitivity makes it very difficult to use them with d.c. light. 
With these cells there is, in general, little difficulty in getting 
enough light to produce a given signal amplitude—the 
problem is to obtain a sufficiently short time of read-out 
to enable a reasonable speed of shaft rotation to be 
obtained. (If a flashed source is used with some sort of 
storage of the parallel outputs from the cells, the maximum 
speed of shaft rotation which allows a completely un- 
ambiguous output to be obtained is that at which one digit 
only of the scale can be seen by the cells during the time 
in which light is present.) In practice, best results are 
obtained using neon filled discharge lamps. Assuming that 
the time-constant of the cells is much longer than the time 
duration of the flash (almost invariably so), it can be shown 
that the maximum signal amplitude is obtainable when the 
ratio between the flash length and the interval between 
flashes is about 1:5. This is borne out in practice, though, 
as a rule, single flashes separated by intervals of 100 or more 
times their duration are required. Two types of lamps have 
been used—special neon flash tubes, giving a minimum 
flash duration of about 0-25msec and neon indicator tubes, 
with which the shortest practicable flash is about Imsec 
(both figures for 0-00Sin digit width.) The latter are of 
much less peak brilliance than the former, but are very 
much smaller, and can, therefore, be used in a more com- 
pact instrument. 

Where size is of the essence, and, unless there are excel- 
lent reasons, a low resolution instrument must be small, 
normal projection optical systems tend to be too large. 
For this reason, such instruments use one or more slit systems 
in conjunction with the disk to define the area of code 
which can be seen by the detectors. A schematic drawing 
of a simple digitizer (using neon indicator bulbs) is shown 
in Fig. 1. An opaque disk (A) with slits in it, one to each 
cell, is mounted close to the code disk (B). The three lamps 
(C) are arranged so that each illuminates four cells (D). 
The code is staggered on the disk so that only every third 
track is illuminated by any one lamp. 

The main limit on resolution with this method is 
imposed by the finite gap between the code and slit disks, 
which has the affect of spreading the apparent size of 
transparent segments of the disk. Assuming that the gap 
between the circles is d; the width of a digit X; of a read- 
ing slit Y; and the angular width of the source a, the 
apparent edge of a digit will be advanced by up to 2/5 
(Y + 2d tan 2/2) approximately where the track concerned 
is changing from opaque to transparent, allowing for 
a four to one variation in sensitivity about the mean value 
at which the cells nominally trigger the associated 
equipment. There is thus a danger of missing digits if 
X<4/5 (Y+2d tan 2/2) as cells which change con- 
secutively may have the maximum difference in sensitivity 
—that is, in practice in a 1000 division 3in diameter 
digitizer if d > 0-004in. 

Crosstalk, due to light passing through one slit and code 
track, reaching a cell corresponding to another, can cause 
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a similar effect. Both can be minimized by using plates with 
collimating slits in them. 

With an optical digitizer, regardless of type, the most 
likely source of failure is the illumination system. This is 
particularly true of arrangements in which more than one 
lamp is used, as a fault tends to be more difficult to detect. 
When binary coded decimal, or other, codes with some 
redundancy are used, complete lamp failure is easily recog- 
nized by ensuring that the code combination in which no 
cell is illuminated does not appear in the pattern, With 
binary codes it is necessary to have an extra, wholly trans- 
parent track on the disk with an additional detector. 
Where a single lamp is used, for example, the flash tube 
used in one digitizer based on this discussion, the problem 
is relatively simple. With multiple lamps, series wiring is 
to be preferred (in the digitizer using neon indicators, the 
lamps are usually in series, even though their performance, 
in terms of life, may be impaired), but is unsatisfactory 
if many lamps—one for each cell, perhaps—are used. 

From a purely practical point of view, the neon-indicator 
type of digitizer has been made as simple as possible so that 
it consists essentially of four plates on the same axis. 
One of these, the coded disk, is accurately centred on a 
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Lamp and slit arrangement for an optical choosing system 


Fig. 2. 


shoulder on the shaft and cemented with Araldite (E, Fig. 
1). The slit disk is similarly mounted on the bearing 
assembly of the instrument; with, immediately behind it, 
a printed circuit (F), carrying the three lamps. On the 
other side of the code (with the shaft passing through its 
centre) is another printed circuit plate (G) with the cells, 
in the form of small mica pellicles, stuck on and con- 
tacted to it. 


Multi-Turn Units 

Mention has already been made of the difficulty of using 
the method of avoiding ambiguity in which pairs of detec- 
tors are positioned on each track. In addition to the prob- 
lem of packing in the cells, extra amplifiers or low level 
switching circuits are needed. If it is essential to adopt this 
technique, there is much to be said for an approach® in 
which pairs of lamps—and single cells—are used, as long 
as each pair of lamps can illuminate a number of cells. This 
arrangement is valuable in reading the coarser sections of 
multi-turn digitizers, as under these circumstances cyclic 
coding is impossible. 

In practice, to allow for as much error as possible in the 
gearing, the two reading positions on the least significant 
track of the coarse scale ought to be spaced by half a digit 
width. The limitation on making full use of the latitude 
available for back-lash is generally set by the size of the 
cell where, because of space considerations, it is undesir- 
able to use lenses or piped light units to collect light on 
to it. Another condition for a satisfactory system is that 
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the cell shall have roughly uniform sensitivity over that 
part of it which is used. 

A practical arrangement is shown in Fig. 2 in which two 
neon indicator lamps are used in conjunction with Schwarz 
cells. Each cell can be illuminated through one of a pair of 
slits by a lamp which is selected by reference to the fine 
part of the system. In practice, it is convenient to use one 
pair of lamps for only four cells—but there is still a major 
saving in associated electronic circuits even with as few as 
this. 

This technique is, however, only of value with lamps that 
can be very rapidly switched—i.e. in a time which ideally 
is small compared with the response time of the detectors. 
Systems in which filament lamps are used, unless they are 
very slow, must use the standard technique of pairs of 
detectors. 


D.C. Systems 

The simplest form of optical digitizer is that in which a 
d.c. output of sufficient power to operate a simple decoding 
element such as a relay is obtained directly from the cells. 
Photo-conductive cells like the Schwarz cell, the photo- 
transistor and various photo-diodes meet this condition— 
but suffer, more or less, from a lack of uniformity and from 
thermal instability. Even so, they would be very attractive 
if the most profitable method of using such digitizers were 
to feed them individually into relay handling equipment. 
However, as in the majority of cases it is usual to feed the 
outputs from a number of digitizers into the same display 
mechanism, more sophisticated techniques are justified if 
they. enable digitizer switching to be accomplished earlier 
in the system, more quickly, and with less equipment. 

For these reasons, and because the cells are relatively 
uniform in performance, silicon photo-voltiac cells are used 
in the rest of the equipment to be discussed. In one type of 
instrument, there is enough output from the cells to switch 
a transistor directly, but in most the current from the detec- 
tors is so small that the signals can only be conveniently 
handled by a.c. amplifiers. However, the general principles 
for handling the output from the instruments are very 
similar in the two approaches. 

Three cases may be distinguished : 

(a) D.C. output 
(b) Parallel sampling 
(c) Serial sampling 

In the design in which the cells supply sufficient current 
to switch transistors directly (the specified minimum is 
20uA into 1k{2 for the light “on” condition), case (a) is 
simple. With the other instruments, the specified minimum 
light “on” signal can be as small as 0-SuA into 1kQ (for 
a high resolution instrument). In other terms, the output 
minimum is 50mV with the cell open-circuited. As a high 
resolution digitizer may have 30 output channels, it is un- 
desirable to use d.c. amplifiers, particularly as it is essential 
that all the outputs should be referred to earth. Further, 
transistor amplifiers are preferable as there is little point 
in using reliable cells and making every effort to use the 
minimum number of lamps—and then following the 
digitizer with a system in which the chance of failure is 
much higher. For this reason, the output of the cells is 
chopped and amplified before being rectified to give the 
desired signal form. This technique suffers from the same 
inefficiency in terms of speed as that in which modulated 
light is used, and merits little attention as it is potentially 
much less useful than the sampling ones. 


The techniques used in cases (b) and (c) are very similar. 
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In all the methods, the chopping mechanism is a silicon 
transistor. In systems where the current is relatively high 
this is used simply. as a switch, but with small signal devices 
it is used to discharge a capacitor which has been charged 
previously by the cell. 

Various circuits are shown in Fig. 3 for use with digi- 
tizers from which the higher currents are obtained. Detailed 
design considerations for the circuits will not be discussed 
here as the emphasis is on the instruments and the general 
techniques of use which condition their design. Fig. 3(a) 
shows the fundamental circuit, feeding into either a bistable 
Eccles-Jordan circuit or an avalanche diode (which can 
operate a medium-sized relay if desired). Other outlets are 
obviously possible. Fig. 3(b) shows a bank of amplifiers fed 
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Fig. 4. Serial sampling of digitizer cells 


from the cells of a digitizer in which all are operated by 
one chopping transistor; Fig. 3(c) shows several digitizers 
commoned into the same amplifier shared by them in time 
by selecting the appropriate chopping transistors. Fig. 4 
shows an arrangement in which several cells from the same 
digitizer are fed into a common amplifier, but each 
having its own chopper. By cycling through these in turn, a 
serial output can be obtained, which is at once suitable for 
computation, This arrangement is more economical in com- 
ponents than that in which the cells are sampled in parallel 
(Fig. 3(b)) and the signals fed into a shift register. 

In practice it is convenient to 
design sub-units, and for this 
reason four cells only, corre- 
sponding to the output from 
one decade of a binary decimal 
scale, are fed into an amplifier. 
Similarly, it is convenient to 
arrange to feed only four digit- 
izers into one amplifier. 


Fig. 3. Parallel sam- 
pling for digitizer cells 


An example of the use of 
these ideas is the coincidence 
circuit, shown in Fig. 5, de- 
signed to give a signal when the 
output of a digitizer and a 
switched-in number are identi- 
cal. Here a two-stage counter 
is used to derive four pulses for 
the four functions of sampling 
the digitizer and pre-set num- 
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ber, providing a signal when 
coincidence occurs and clearing 
the system ready for the next 
reading. The pulses _ are 
selected by gates connected to 
the counter transistor collectors. 
The first one is used to sample 
the digitizer; the second interro- 
gates the switches in which the 
selected number is coded; the 
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third is fed to the output gate and only appears at the 
output at coincidence, while the fourth returns to the 
system as its original state ready for next sample. Obvi- 
ously, only if a bistable circuit receives a pulse from 
neither the digitizer nor the switches, or alternatively 
from both, will it be in its original state when the third 
pulse arrives. Only if all are in this state will the third pulse 
pass through the five-way. gate. 

With digitizers from which the current output is very 
low so that a more refined chopping and amplifying tech- 
nique is required, it is not possible to chop the outputs 
from all the cells of a digitizer with a single transistor. In 
this case the chopping transistor is in parallel with the cell, 
coupled via a capacitor to the amplifier (Fig. 6)°. When the 
transistor is switched to the conducting state the capacitor 
is discharged and a signal pulse produced. The maximum 
repetition frequency with which the cells may be sampled 
falls with their output signals but at the minimum signal 
allowed (SOmV with the cells open-circuited), this frequency 
is about 10kc/s, Sample pulse widths of about Susec are 
normally used. Two stages of amplification using Mullard 
OC44 transistors give 2V of output signal across 2-7k?) 
from the standard open-circuit input of SOmV. 

It is again possible to feed several digitizers into the same 
amplifier, though each cell must, of course, have its own 
chopping transistor. As in the previous arrangement the 
cells can be sampled in turn to provide a serial output. 

Though several types of instrument have been made 
which give the low current output which has to be handled 
by the multi-stage amplifier described above, only one gives 
the 20uA minimum light on signal needed for the other 
system. This is a relatively. crude design using a 4-Sin dia- 
meter disk with tracks pitched 0-060in centre to centre. The 
cells are mounted in groups of four behind individually 
adjustable slit plates. Though it is very undesirable in prin- 
ciple, one lamp is used for each cell (12V, 0-1A aircraft 
panel bulbs). This is because the form of the coded disk is 
such that it is difficult to obtain a single bulb which will 
cover all the four cells in a group. 


JUNE 1960 

















a 
Pulse when 
comcidence occurs 





— 


3 Amplitiers and 


r 
“~~ D.C. coupled gates 
\ fay f 
( (2) (2) 
< r 


\ 2 )pulses generated 
4 A as they operate 


Oscillator 
Pt 


EB 


‘ - 
a | 


} 
a 


2 state counter 


A better arrangement is that used in a digitizer based 
on the same disk as that used for the small Schwarz cell 
units. In this device the filaments of three festoon lamps 
are imaged on the slits in the mask disk. The outputs from 
the cells are very much lower in terms of current than 
those of the previously mentioned type. Another design 
uses a scale wrapped round a transparent drum”. With a 
standard linear coded scale any desired angular range of 
measurement less than 350° can be obtained by simply 
choosing the diameter of the drum correctly. 
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Fig. 6. Sampling arrangement when cell signals are small 


An Approach to High Resolution Digitizers 

The foregoing description has been concentrated on low 
resolution equipment with the emphasis placed on the 
philosophy. of reading the instruments. The codes used 
have, as was indicated, been assumed to be standard cyclic 
binary and binary coded decimal arrangements. In this 
section, a few remarks will be made about the choice of 
scales for high resolution digitizers, though little about their 
physical realization. 

If a standard cyclic progressive binary code were used 
in a digitizer having a resolution of 1 in 2” this would 
involve an edge accuracy of, at worst, +0-00005Sin for each 
of the 131 072 edges together with (in practice) no pinhole 
or blemish on the disk greater in area than 5 x 10~in® 
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using a code outside diameter of Sin. Further, with these 
tolerances all the edges must be realiy well defined, which 
means in practice using a medium for the pattern with 
a resolution of about 4000 to 5000 lines/mm. These 
requirements, cumulatively, mean that even high resolu- 
tion photographic emulsions are very nearly impossible to 
use. If silicon cells are used, too, the upper temperature 
limit at which the digitizer is potentially capable of 
operating may well damage an emulsion. 

Trouble due to blemishes and incorrectly formed edges 
can be minimized by averaging over a number of digits. 
On tracks in which the pattern repeats itself in a small 
physical distance, (e.g. 2°, 2' tracks of a cyclic progressive 
binary code), it is obviously possible to arrange a series of 
slits with the same period (or an appropriately magnified 
one if an optical system is used) as the code and read them 
all with a single cell. This is, however, impracticable with 
the most significant tracks of a cyclic disk, and both the 
reliability and signal size are much less (as no slit should 
exceed the width of a digit of the scale) in the channels 
associated with them. 

The most direct approach, therefore, to this problem is 
to use diffraction gratings and count Moiré fringes. It is 
easy to obtain a great deal of averaging—so much so that 
the existence of any given ruling is irrelevant. The dis- 
advantages have already been indicated, though some of 
these can be overcome to a great extent by associat- 
ing with the grating a series of reference marks placed 
accurately so that a known number of counts occurs be- 
tween each. Assuming then that the count starts from zero 
at one such mark, and that, for example, there are 100 
counts between each mark, the desired state of the stages 
representing the last two decades is known at each mark. 
As long as the number of errors does not exceed 99 (in this 
case; (2" — 1) excess, or 2" missed counts in the case of a 
binary system with an interval of 2° digits between marks), 
the count can be corrected. Even if the check marks do not 
occur at a count of zero, correction, though relatively com- 
plex, is possible. 

Derivation of the check signals is complicated by the 
need to obtain check signals of a comparable amplitude to 
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Fig. 7. System for deriving check pulses 


those from the detectors which are operating off the 
grating. One approach to this is indicated in Fig. 7(a) in 
which the two arrays of lines are to be taken as moving 
over each other. If the spacing of the lines in the groups is 
suitable, a wave train of the type shown in Fig. 7(b) is 
obtained in which there is one large unambiguous signal. 
The ratio between this and its neighbours depends on the 
number of lines in the groups and their spacing. 

The width of the lines has to be less than that of the 
smallest digit of the scale—that is, a quarter of the pitch of 
the grating (from which four counts can be derived). This 
approach is limited primarily by diffraction as the gap 
between the circle and the graticule with the array of lines 
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on it quickly becomes much greater than the width of one 
of the lines as the resolution of the grating is increased. 
The useful limit of line width is about 0-0005in. 
Another variation is to use these check marks to trigger 
the detectors of a coarse coded scale which numbers them. 
The scale need not be cyclic as it is simple to ensure that 
the code edges are kept well away. from the positions at 
which the check marks occur. This gives a relatively simple 
system, but one with a low accessibility, and one in which 
the check system can be a serious limitation on speed 
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of operation at high resolutions as a simple design of photo- 
electric microscope is needed. 

Following the above principles of scale design, a reason- 
able approach is to use a chain code arrangement" (Fig. 8) 
in which a number of detectors view the same track of a 
coded scale through slits spaced at a distance apart equal 
to a whole number of pitches of the scale plus a fraction 


I . Each detecting system 


equal to — 
q 2 x number of detectors 


can consist of a number of slits, as described elsewhere" 
and some measure of averaging obtained. This method is 
suitable for only one or two decades (of a binary coded 
decimal scale) as, first, the interval between consecutive 
slits of the same detector group becomes too great, and, 
second, the number of detectors needed for either the 
cyclic or choosing systems of avoiding ambiguity is con- 
siderable (10 per decade). 

In any case, as this type of scale can in practice only be 
made by photographic means—there are always several 
tracks with different pitches—the requirements for high 
edge definition is still difficult to meet, though the problem 
of blemishes on the scale is minimized. This type of scale 
has been made to read with a resolution 0-0002in but only 
with very critical adjustment of amplifier triggering levels, 
as, due to the degradation of digit edges, the light reach- 
ing any one cell changes in intensity during a movement of 
greater than one digit, and variations in cell sensitivity 
become, thereby, very apparent. 

The simplest methods of achieving very high resolutions 
are those based on an idea evolved at the Royal Aero- 
nautical Establishments” in which the scale consists 
primarily of lines equal in width, ideally, to that of a digit 
and accurately. spaced at a distance of a hundred or more 
digits apart. The lines are imaged by a lens system on a 
coded graticule, the length of which is equal to the line 
interval times the optical magnification. The lines may be 
engraved by a cutter, and can therefore be of very high 
definition and an adequately blemish-free background 
obtained without too much difficulty. A straightforward 
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choosing system is necessary to ‘number ° the lines and, as 
it is, in general, impracticable to maintain the accuracy of 
the ruled scale in this section, pairs of detectors, chosen 
from the high precision scale in the conventional way, must 
be used to read its tracks. 

The system described by Ballantyne” contains an optical 
scanning device and is not, therefore, of very high acces- 
sibility nor of great flexibility as the output must be in 
serial form. A purely experimental device, with a single 
revolution resolution of | in 2” (131072) in an effective 
disk diameter of 44in has been made, which has all the 
flexibility associated with the use of silicon photocells in 
parallel, except that, as is usual with the technique used 
in it, part of the output has to be obtained by selection 
from pairs of cell signals. This need not limit the acces- 
sibility of the disk information, but may. result in a delay 
during the manipulation of the output. Duplication of 
amplifiers is, however, then obligatory, and, as all signals 
are inevitably small, though the desired signal to back- 
ground ratio is still comfortably high (4 or 5 to 1 is a typical 
figure), this can involve a considerable amount of equip- 
ment. 


Conclusion 

The design of all the instruments which have been 
described has been conditioned by the idea that their main 
use will be in systems in which they are interrogated for 
short intervals rather than read continuously. By. this means 
the often extensive information handling equipment needed 
can be used to best advantage, and at the same time kept 
to a minimum. This aspect is, of course, less important 
with high resolution instruments, as these units would cer- 
tainly be used for measurements which could be done no 
other way with true digital equipment and would generally 
be part of a considerable system. 

In the case of low resolution units, most of the functions 
they perform can be done using electronic analogue to 
digital convertors. However, if it is unnecessary to con- 
vert electrical signals into shaft rotations in order io 
obtain a digital reading, it is also unwise to turn shaft 
rotations or linear movements into voltages in order to 
measure them. It is desirable, then, that the output of the 
two types of transducer should be compatible to allow them 
to be used together in systems. The Schwarz cell type of 
instrument is unsatisfactory in this respect, because of the 
relatively long sampling times, and rather indeterminate 
shape of the signals. A digitizer containing silicon cells can, 
however, be sampled, either in series or parallel, using the 
same clock oscillator that is used with the electronic con- 
vertor. Consecutive readings, one from a shaft digitizer, the 
other from an electronic one, can then be passed to the 
handling equipment in exactly the same form. 

In the range of instruments, described—obviously the 
ideas can be applied in a very wide range of forms, both 
linear and circular—all the designs have been conditioned 
by the concept of accessibility. It is for this reason that 
systems such as those using micrometers, the check mark 
system described previously here, and the simple ambiguity 
avoiding system using a track to prevent readings being 
taken near code changeovers, have been avoided. Ulti- 
mately, a very fast frequency of response from the cells is 
necessary to obtain high accessibility—and in this respect 
Schwarz cells are unsatisfactory, though they allow a very 
simple instrument design. 

The problem of detecting failures—except the most 
common one of a lamp breakdown—is difficult. In these 
units error checking codes have not been used—as they 
involve extra tracks (and so space on the disk) and cells 
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and complicate the information handling equipment very 
considerably. On a straight-line scale, or one which is not 
complete through 360°, the problem is simple as a region 
in which, for example, all the cells should receive light can 
be incorporated, and occasional excursions made to the 
region for test. Otherwise, it is necessary to run the 
digitizer through its range of measurement checking the 
behaviour of each cell. As the subject is so vast, the prob- 
lems of error determination will not be discussed in 
detail in this article. 
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A Distance-Velocity Lag Simulator 


This instrument, designed by Elliott Automation Ltd., is 
intended for use in conjunction with analogue computing 
equipment for the representation of large transit time effects 
which occur in a number of industrial processes, usually 
associated with the flow of fluids in ducts. The transport time 
provided by the instrument can be varied between 2 and 60 
seconds, and is inversely proportional to the magnitude of 
an electrical input signal, so that it may be either preselected 
to a constant value, or caused to vary in relation to other 
plant parameters represented in the computer. The input and 
output signals corresponding to the transported information 
may be in the range of 100V and between d.c. and the 
cut-off frequency which is dependent upon the transport time. 

The instruments consist basically of a 100 position motor 
driven switch having two wipers, one of which is connected 
to the output of a “writing” amplifier, and the other to the 
input of a “reading” amplifier. The motor, whose speed is 
servo controlled, drives the switch continuously in one direc- 
tion, through a reduction drive, the time taken for one com- 
plete revolution being equal to the distance-velocity lag. To 
each of the 100 fixed contacts is connected a 22,000 pF poly- 
styrene capacitor, which is successively charged to the “writing” 
amplifier output level as the switch rotates. 
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The Effects of Encapsulation on Electronic 
Components 


By F. P. Campbell*, B.Sc. 


Potting of electronic circuits has long been known to affect their performance. A survey is made 
of the effects of encapsulation on commonly used components. 

Valves may be encapsulated safely provided that the correct techniques are used to remove self- 

generated heat and to protect the glass envelope. Little difficulty is encountered with transistors 


and capacitors. 


The effects of potting transformers and chokes are described. Wirewound 


resistors are not suitable for casting in rigid resins when heavily dissipating. 
The potting of carbon and cracked carbon resistors may affect various manufacturer's products 


differently; an experiment is described. 


The causes of component change are 


summarized. 


(Voir page 394 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 400) 


l HAS long been recognized that the encapsulation of 

electronic assemblies causes changes to take place in 
their electrical parameters. For example, when the first 
cold-curing pourable resins became available in the 
late forties and early fifties, it was believed that com- 
ponents would be most affected by the increased 
permittivity and loss angle of the resins compared with 
those of air. Early confirmation of the reduction in Q 
of coils, particularly at the higher frequencies, was soon 
available’. Nevertheless, there was a feeling that potting 
would solve most reliability problems. 

Since those days many manufacturers have used potting 
as a constructional technique on a large scale. Some have 
subsequently dropped it in favour of a return to more 
conventional construction. Others have restricted the use 
of potting to some parts only of their equipments. Finally, 
there are those who believe that potting techniques, when 
correctly applied, bring about an overall improvement in 
the performance of equipments under severe environ- 
mental conditions, and who therefore continue to pot 
wherever possible. 

Why have these changes in outlook occurred? The 
answer lies in the increasing knowledge of the behaviour 
of potted components which has been gained in manu- 
facture and test. This article is an attempt to summarize 
that knowledge. 


General 

Each type of component is treated under a separate 
heading. The potting effects discussed are mainly those 
of the polyester and epoxy resins, since these are believed 
to be the most widely used in this country. Mention is 
made, however, of silicone rubber and _ polysulphide 
rubber encapsulation where the effects are known. Dip- 
coating and foaming techniques are not yet sufficiently 
widespread for their effects to have been assessed. 
Emphasis is laid on the potting of carbon and cracked 
carbon resistors in polyester and epoxy resins. This is 
partly because these components are among those which 
are most markedly affected by encapsulation, and partly 
because more evidence is available. 


* English Electric Aviation Ltd 


ELECTRONIC ENGINEERING 


It is inevitable that the means of overcoming potting 
troubles should be discussed in the same context as the 
effects of potting on components. It is the opinion of 
the author that with intelligent design the injurious effects 
of encapsulation can generally be rendered harmless. 
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Valves 
Valves are encapsulated for two principal reasons: — 
(1) To provide a more rigid mounting than that 
offered by many types of holder. 
(2) To bring up the envelope diameter to a closer 
tolerance than that achieved by the glass-worker. 

The main difficulties are the removal of heat to ensure 
that the valve and potting medium do not exceed their 
maximum temperatures, and the effects of differential 
expansion and shrinkage. 

Since the expansion coefficients of polyester and epoxy 
resins, even when heavily loaded with quartz or mica 
flour, are some four times that of glass it is likely that 
the use of a rigid resin will result in breakage of the 
envelope at extremes of temperature. Attention has 
therefore been concentrated on cold-curing silicone rubber 
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as a potting medium. It is better than the various epoxies 
by virtue of its high maximum working temperature 
(~250°C) and its excellent electrical properties. Some 
ways in which it has been employed are shown in Figs. 
1 and 2. 

The Fig. 1 method was used when it was required to 
include subminiature diodes CV469 together with other 
components in a block of polyester resin. Since the com- 
pressibility of silicone rubber is low it is necessary to 
leave an air-space inside the cap to allow the rubber to 
flow. This was found to be quite successful so long as 
the temperature rise at the envelope was not too great. 


i 


In Fig. 2 is shown a technique for mounting sub- 
miniature valves which has been used both in America 
and in the U.K. where high vibrational stresses were 
encountered. A _ silicone rubber envelope is injection 
moulded around the valve. This is now treated as a 
sub-assembly which is finally pushed into a hole in a 
light-alloy block. In a typical case the temperature rise at 
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Fig. 2. Encapsulated subminiature valve 


the glass envelope was only 23°C, compared with 82°C 
for a plain valve suspended in air’. The technique of Fig. 
2 has also been applied successfully to miniature valves. 
Some curves of temperature rise against time are shown 
in Fig. 3. Here the differences between the encapsulated 
and clip-mounted envelopes are seen sometimes to be 
positive and sometimes negative. The rubber tends to even 
up the envelope temperatures. 


Semiconductors 


Germanium and silicon devices have been potted for 
a number of years with few failures. It is important that, 
in the case of germanium semiconductors, the tempera- 
ture during the exotherm does not exceed about 70°C 
and that the curing temperature be limited accordingly. 


It is common to fit semiconductors with a synthetic 
rubber sleeve in order, so that argument runs, to mini- 
mize stressing of the component when the potting resin 
gells and contracts. Why this should be effective when 
both ends of the component are left uncovered is not 
clear, but there is evidence of failures due to glass 
breakages when the sleeve is not fitted. The sleeve is 
useful in preventing removal of the paint from some 
types of transistor, so minimizing photo-electric effects. 


The usual precautions must be taken to ensure that 
self-generated heat is removed from the block. 
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An interesting difficulty can arise when transistors 
mounted only by their leads are potted. Since the leads 
are very thin and the component is light and held only 
at one end the pouring or injection of the resin can move 
the transistor so as to cause short-circuits to neighbouring 
components and between the lead-out wires. 

In general, however, the characteristics of the semi- 
conductor are not affected by encapsulation. 


Components Sealed in Containers 


The potting of sealed relays, switches, potentiometers, 
etc., seldom affects the performance of the component. 
The sealing method should be scrutinized for compata- 
bility with the resin chosen (e.g. a wax seal may be 
melted by the exotherm). 

When a sealed component is large in relation to the 
potted block there is a danger that stress concentrations 
may be set up when the resin gells. Fig. 4 shows a potted 
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Fig. 3. Temperature rise curves for miniature valves 


unit containing a large capacitor and a delay line. The 
block has cracked due to insufficient wall-thickness of 
resin and the outlines of the large components are 
clearly seen. As well as damaging unsealed components 
such cracks become moisture traps in highly humid 
atmospheres. 


Capacitors 

Provided that the capacitor is fully sealed when it is 
potted there is seldom any effect on its value or rating. 
This applies not only to the metal-cased types but also 
to the sealed-in-Bakelite and sealed-in-resin varieties. The 
results of ageing and climatic cycles on various types of 
capacitor potted in Araldite D were quoted in an M.O.A. 
Report’. In no case did the deviation appear to be greater 
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than that expected of an unpotted component, and all 
were within RCS limits for drift by a large factor. 

In order to save space it is possible to encapsulate 
capacitors which have been supplied without outer con- 
tainers. This procedure is usually satisfactory, provided 
that the component has been stored in a perfectly dry 
atmosphere up to the instant of potting. It is seldom easy 
to achieve this in practice. 


Connectors 

Connectors are encapsulated to provide a seal against 
moisture and to prevent undue movement of the lead-out 
wires. A medium often used is polysulphide rubber. This 
has excellent electrical properties and good adhesion to 
most metals, so that a seal is formed at the shroud. Some 
measurements of insulation resistance under humid con- 
ditions are shown in Fig. 5. Even with a polythene plug 
and socket (to which this encapsulant does not bond) an 
improvement in insulation resistance of several orders is 
obtained. 


Transformers and Inductors 
The effects of potting may be divided into those affect- 
ing the core and those affecting the windings. 
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The core may be affected in three ways—change of 
magnetizing current due to alteration of the effective gap, 
change of permeability resulting from suppression of the 
magnetostrictive movement, and damage due to differen- 
tial expansion. 


Taking the first effect, it is found that if the gap is 
uneven it is possible for resin to creep between the core 
faces and, on subsequent temperature cycling, to alter 
the magnetic reluctance of the gap. This is particularly 
the case in cores where a high inductance is obtained 
by having face-to-face contact without any separating 
shim to control the gap. It affects both iron and ferrite 
materials. 

The second type of core defect is observed in nickel- 
iron cores such as Radio-metal and Mumetal. Their 
change of length with change of magnetization is pre- 
vented by a rigid potting medium. As a result the 
magnetization current rises. The effect is dependent upon 
temperature, the magnetizing current being inversely 
proportional to temperature‘. 

The third type of trouble is particularly severe on ferrite 
cores. There is generally good adhesion between the resin 
and the core, and the expansion coefficients are different 
enough to cause fracturing of the ferrite. All these 
difficulties have been largely overcome by the use of a 
pre-potting core encapsulant. 

The effects of potting on windings usually arise from 
strains set up in the block as it gells. Fine wires can be 
broken or displaced, even if they have previously been 
vacuum impregnated. Pre-impregnation, however, will 
usually mimimize this effect. 

The effect on the Q of coils is not usually noticeable 
at power and audio frequencies. At radio frequency the 
power factor of the resin can make a marked difference. 
Some typical figures after 7 days are’: — 


5 per cent reduction in Q at 30Mc/s. 
BE mas og os »~ 2 . 45Mc/s 
ae “ Re 60Mc/s 


Fig. 6. Wirewound resistor—tongitudinal split 
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For a 45Mc/s coil potted in polyester the Q fell by 18 
per cent in four weeks. 

The dependence of loss angle on time arises from the 
fact that the cure continues for days or weeks after 
gelation. This could be an embarrassment in production 
testing, but it is seldom met with in practice since video 
frequency circuits are not often potted in resins because 
of their high permittivities (approximately 3-5). 


Wirewound Resistors 


It is not considered good practice to pot wirewound 
resistors. 


Because of their high surface temperature—as much as 
400°C when fully loaded—differential expansion effects 
will be very severe. That type of resistor which consists 
of a hollow ceramic tube with open-ends is particularly 
prone to failure. Resin enters the core and since its 
expansion coefficient is some six to eight times that of the 
ceramic the latter is usually cracked, so fracturing the 


fine-wire resistive element. 


Where wirewound resistors are used merely as stable 
circuit elements and do not dissipate appreciable heat 
they can, of course, be satisfactorily potted, the most 
Suitable types being those with closed ends. 


Where it is essential to include heavily dissipating 
wirewound resistors in a block of rigid resin a protective 
sleeve of silicone rubber has been found useful in mini- 
mizing failures. This is because it breaks the excellent 
bond which occurs between the vitreous enamel coating 
of the components and some resins, especially the poly- 


rupture of vitreous enamel and circumferential 


Fig. 8. Wirewound resistors 
cracking 


Fig. 9. Resistor potting experiment——form of construction 
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esters. If the component is not sleeved expansion causes 
the enamel to craze or fracture, and the resistance wire 
breaks. Photographs of resistors which have so failed are 
shown in Figs. 6, 7 and 8. 
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Fig. 10. Temperature cycling—RC7K resistors potted in polyester resin 


The following figures may be of interest. In a block of 
Araldite D with quartz filler, six 6W (R.C.S. rating) 
resistors were cast. Temperature rises at three points 
were measured with full dissipation in all resistors: 
Before’ After 
potting potting 
218°C 103°C 115°C 
82°C 137°C + 55°C 


240°C 159°C 81°C 


Difference 
Surface of an outer resistor 
Resin 4in from two resistors 
Surface of an inner resistor 


The very considerable moderating effect of the resin is 
seen. 


Carbon and Cracked-Carbon Resistors 

One way to approach this large subject is to describe 
an experiment carried out by English Electric Aviation 
Limited with considerable assistance from the RRE 
Components Division. 


Fourteen blocks each of 40 resistors, mounted as in 
Fig. 9 were potted in quartz-filled polyester resin. Six 
blocks contained Style RC3N resistors of various values, 
i.e. a total of 240 resistors. Four blocks contained equal 
numbers of Style RC7K resistors by manufacturers A and 
B. Four blocks contained equal numbers of style RC2 
resistors by manufacturers C and D. In addition, two 
blocks were cast in Araldite, each containing RC3N re- 
sistors. The main purpose of the experiment was to 
observe the behaviour of resistors, particularly RC3N’s, 
when potted in polyester and to compare their behaviour 
in Araldite. 


All resistance values were measured to four significant 
figures immediately before and immediately after potting. 
Eight blocks, representing all resistor types, were stored 
for six months and then subjected to ten dry-heat cycles 
between 20°C and 85°C. Measurements were taken at 
various stages. 

Six blocks underwent tropical exposure cycling. Resist- 
ance measurements were made at the end of each cycle. 
The two remaining blocks did not survive potting. 
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An analysis of these results, totalling some 4000 
measurements, was made. The blocks were opened up 
and examined. With the addition of the failures data 
gathered over two years by the English Electric Guided 
Weapons Reliability Group, it is possible to make the 
following statements. 
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Fig. 11. resistors potted in 


Temperature cycling RC2D and RC2E 
polyester resin 


Fig. 12. RC2D resistor—fracture 


RC7K_ RESISTORS 

These are carbon resistors having an insulating phenolic 
casing. They are rated at }W by the R.C.S.C. 

In Fig. 10 are shown the results of the tests. These 
indicate that: 


(1) There are significant differences in behaviour 
between resistors by the two manufacturers. 

(2) The immediate effect of potting is considerable 
in the case of manufacturer A. 

(3) The average effect of ageing on resistors by 
manufacturer B is not great. The figures for 
average drift do not, however, show the behaviour 
differences of individual components. Some tended 
to return to their initial values, while others con- 
tinued to drift. 

(4) The effect of dry-heat cycling is to accelerate 
drift. 


Some resistance values were much less stable than the 
aggregate. For example, A’s 100{2 nominal resistors 
decreased by up to 30 per cent during potting. Some 
values on the other hand were very stable. In most 
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circuits using Grade 2 resistors these changes would not 
be critical. 

No clear explanation of these effects is advanced. There 
are two main possibilities—absorption of moisture and 
stressing of the terminations. In support of the latter it is 
known that the two manufacturers of these resistors use 
different means to secure the terminations internally. 


On the other hand, Church’ shows that moisture is the 
principal cause of drift in this type of resistor. The 
explanation of the large changes seen in these tests may be 
that moisture is alternately absorbed and driven off. 
Support is lent to this point by the description of a test 
on ten RC7K resistors*. Here they were encapsulated in 
epoxy instead of polyester resin as above. The epoxies 
generally have a lower moisture permeability than the 
polyesters. The mean change of resistance after 14 climatic 
cycles was only +017 per cent. The number of com- 
ponents tested was small however, and not too much 
significance should be attached to this result. 

It remains to describe a peculiarity observed in the 
main series of tests. One of the four blocks containing 
RC7K’s was found after potting to have its resistors 
faulty, all the resistors by manufacturer B becoming open- 


Fig. 13. RC2 resistor—arcing of longitudinal crack 


circuit and all A’s falling to between 1 per cent and 10 
per cent of their values before potting. The resin was 
dissolved away and the resistors were found to have 
regained their correct values. It is postulated that an 
incorrect mix must have been used in this case and that 
it failed to gel. The chemical effect of the resin on the 
varnish coatings of the resistors could account for the 
partial short-circuits at least, but not for the open circuits. 


RC2D and RC2E RESISTORS 


These are Grade 1 cracked-carbon 
resistors of 4 and +W RCS ratings. 


non-insulated 


Fig. 11 shows the test results. The picture here is a very 
different one: 


(1) There is no significant difference between com- 
ponents by the two manufacturers. 


(2) The effects of potting, ageing and dry-heat 
cycling are not great. Most of the resistors kept 
well within the RCL limits for drift. There were 
nevertheless a few exceptions. For example all 
the 100k resistors by manufacturer D had higher 
drift rates than the mean, both during potting 
and subsequently. 
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(3) There was one catastrophic failure out of 120 
resistors tested. This was a 4:7k{2 RC2E which 
went open-circuit at the second dry-heat cycle. 

There is again no theory to account for the changes 
which did occur. The fact that these components are not 
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Fig. 15. Insulated cracked carbon 820k resistor—blotched carbon film 


insulated and are only protected from the resin by a thin 
varnish coating is very interesting but it does not really 
help one to formulate a theory. 

Failures in production equipments have been low. The 
open-circuit component found in the tests was caused by 
the resin cracking at that point. A photograph of a similar 
case is shown in Fig. 12. The resistor has sheared across 
the centre. Another production defect is shown in Fig. 13. 
Here the surface of the resistor was cracked longitudinally, 
and arcing between spirals has taken place at that point. 
Again the original trouble was a block which cracked at 
a weak point. 


RC3N RESISTORS 

These are Grade 1 cracked-carbon resistors of +W 
R.C.S. rating, having a ceramic insulating sleeve which is 
end-sealed with a cement. 

The behaviour of some 320 components is shown at 
Fig. 14. These resistors are seen to be much less stable 
than the RC2 styles. In view of the protection afforded 
by the ceramic sleeve the RC3N’s might have been 
expected to be better. The higher drift rates are accounted 
for by a few critical values which changed by large 
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amounts when temperature cycled. Thus, 27k{) resistors 
both in epoxy and polyester increased by amounts up to 
35 per cent. 8-2kQ resistors were nearly as bad. Yet some 
higher values, e.g. 1M2, were extremely stable during the 
series of tests. The seriousness to circuit designers of 
these changes is obvious. 

The difference between polyester and epoxy is only 
slight so far as the dry-heat cycling is concerned, but the 
effect of tropical cycling becomes very marked after 
seven cycles. The moisture absorption of the polyester 
is adversely affecting the resistance values. 


Three catastrophic failures occurred, one during potting 
and two during dry-heat cycling, that is, about | per cent 
of the total. 

To account for these failures and for the gross changes 
in value of certain resistors it has been suggested that 
the high temperatures experienced during the exotherm 
and subsequent cycling had caused exudation of the end- 
seals, so giving rise to voids and stressed regions in the 
block. 


Resistors which have failed in potted blocks often show 
some lifting of the carbon spiral, as seen in Fig. 15. It is 
by no means clear how this can be caused by local stress- 
ing of the block. The effect is most marked when the 
width of the spiral resistance track is least, as one might 
expect. 


Conclusions 
To summarize, the causes of component change are:— 


(1) Stressing caused by: 
(a) Shrinkage on to component when resin gells. 


(b) Fracture of resin block due to faulty potting, 
poor layout or extremes of temperature. 


(c) Differential thermal expansion. 


(2) Temperature effects causing deterioration of com- 
ponents. 


(3) Moisture absorption into block. 
(4) Effect of increased permittivity and loss angle. 


In reading this sad survey of failures and defects one 
may come to feel that encapsulation is a dangerous tech- 
nique. It must not be forgotten, however, that the failures 
are few in relation to the number of components encapsu- 
lated. With the increasing knowledge of the effects of the 
potting media the number of defects will fall, and a con- 
structional technique which has already brought great 
benefits where high environmental stresses are encoun- 
tered will come to be more widely used. 
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A Stabilized and Programme-Controlled Power Supply 
Using Positive Feedback 


By M. Pacak* 


A stabilized power supply for a mass-spectrometer magnet is described. 


The output is continu- 


ously variable from 3 to 800V or it may be programme controlled by means of an RC device 
Positive feedback is used in the amplifler of the stabilizer. 


(Voir page 394 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 400) 


OR the main-magnet circuit of a Nier-type mass spectro- 

meter a stabilized supply was required with the facility 
for controlling the current value over a wide range. It 
was necessary to be able to control the current easily and 
precisely manually, or automatically with the change of the 
current between two preselected limits disposed anywhere 
within the range. The automatic control had to be con- 
tinuous, nearly linear and sufficiently slow for the direct 
ink-recording of the mass spectra. The temperature change 
of the magnet coil resistance is irrelevant in this case. 
Therefore the supply might be realized as a programme- 
controlled voltage stabilizer. The current value had to be 
adjustable between 5 and 270mA. The magnet resistance 
was 2-9k{), hence the voltage range required was 15 to 
800V. This wide range together with the high degree of 
stabilization and the automatic control required represent 
rather strict demands on the instrument performance. 

In the circuit suggested (Fig. 1) the same regulating sys- 
tem is used both for the stabilizing and the programming 
function. A part of the output voltage V2 is compared 
with the reference voltage V;.;: the difference is amplified 
and it controls the regulating tubes in a well-known man- 
ner. Vrer is supplied by the battery B:. shunted by a step 
voltage divider with twin multi-way switch RV; and RV». 
In position 1 of the swich Sp an arbitrary value of Vres 
can be set from 0 to 90V. As Ve ~ 10V rer, any value of 
V., between 3V and the upper limit can be set. In position 
2 of the switch S, one of 24 equally disposed discrete values 
of V2 can be selected as the second limit for the programme- 
control action. If S, is switched over from one position to 
another, V,;.; and therefore V2 and Jy change from one limit 
to another and the limits are defined by the positions of 
RV, and RV; and RV». 
This change is expo- 
nential, lasting some 
tenths of a second, if the 
switch S, is open and tf 
the step resistor R; is set 
to zero. In another case AND 
the capacitor C;, and cee Bhcte et 
the resistor R; consti- 
tute a delay circuit 
with the time-constant. 
which may be adjusted 
between 120 and 2 000sec. 
Thus the automatic con- 
trol is realized obeying 
the exponential law. For 


Fig. 1. 





RECTIFIER WITH 
ARGON VALVES 











| 03H A, 
— 








HEATING FOR 
ALL VALVES 


stant of C, being of the order 10'sec. In such a way the 
scanning of a peak can Virtually be stopped for some 
seconds, if it is appropriate for the purpose of recording. 
It is important to realize that the delay circuit acts only 
in programme-control and does not delay the transfer of 
variations to the amplifier input. Hence the proper stabi- 
lizing function of the circuit correcting for the deviations 
caused by the disturbing effects is not delayed. 

The amplifier (Fig. 2) contains two pentode stages in 
cascade; their symmetrical arrangement results in a better 
stability of the d.c. circuit with respect to heating and 
auxiliary voltage (V4) variations, etc. The voltage amplifi- 
cation, with the positive feedback switched out, including 
the input divider is approx. 200. The first stage of the 
amplifier involves the positive feedback, which makes it 
possible to obtain the qualities described previously’, 
especially the possibility of compensation to obtain zero 
deviation in the static output and zero output resistance for 
lower frequencies. This is the second main advantage of 
the circuit proposed... The third one is the compensation 
for the V4 variations which is achieved by the bridge 
arrangement of the circuit supplying the amplifier and is 
finally adjusted by the potentiometer RV,. This method, 
suggested by the author’, practically eliminates the neces- 
sity for stabilization of the auxiliary voltage which sup- 
plies the amplifier even in high-grade stabilizers The fol- 
lowing features are also incorporated in the circuit. The 
impedance of the choke L (Fig. 1) is automatically switched 
in the primary lead of the main transformer, if the current 
Ix goes below 70mA, and it is short-circuited, if /y rises 
above 130mA; thus the excessive rise of the rectifier output 
voltage V; is eliminated. A cathode-follower is used for 


General arrangement of the programme-controlled stabilizer 
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the output of the amplifier (Fig. 
2), thus separating the sensitive 
high-resistance output of the 





second stage from the disturbing 
effects of the grid currents which 
frequently occur in regulating 
pentodes. The capacitors Ci, C., 
C3 (Fig. 2) secure the dynamic 
stability of the system in a rather 
compressed and _ incompletely 
shielded amplifier. These capa- 
citors are placed so that they do 
not raise the response-time sub- 
stantially. Some special features 
omitted from the diagrams for 
clarity are as follows: A quick- 
return push-button returning V 
to the beginning of the scanning 
interval; temperature equaliza- 
tion of the input voltage divider 
which shortens the warm-up 
period to about 10min and re- 
duces the influence of the fast 
temperature variations (for a 
description of this see Pacak*) a 
demagnetizing device, which 
makes it possible to introduce 
slow decaying oscillations of V2 
if it is necessary to reduce the remanent magnetization in 
the magnet iron core: a measuring circuit for a quick check- 
ing of the performance. 

The performance of the instrument has been investigated 
by well-known methods both in the laboratory and in 
practical use. They are as follows: The output voltage is 
adjustable manually or automatically between 3 to 800V 
(load 2:5 to 10k{2). Short-term output voltage variations 
within the range of 10 to 800V less than 20mV including 
the effect of mains voltage variations of + 7 per cent. Long- 
term stability after 1 hour warm-up period better than 
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Fig. 2. The amplifier 


100mV in one hour. Ripple less than SmV. D.C. out- 
put resistance within *0-122. 

The brief description given does not include the complete 
and detailed analysis of the circuit features and perform- 
ance. It shows, however, the practical applicability of 
the principles and methods, a review of which was pub- 
lished previously’. 
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Semiconducting Indium Compounds * 


Wright’ has listed 
of which have been 
known for a very long time and some of which have 


N the course of a recent 
numerous semiconductors, 


review 
some 


only recently been investigated for their fundamental 
properties and potential applications. Among the latter 
group of materials, semiconducting indium compounds 
occupy a prominent place. Their applications cover a 
wide range of technological practice and there is every 
reason to believe that they will be further developed as 
even purer specimens become available and as their 
remarkable properties become better known. In this con- 
nexion the compounds of most interest are indium anti- 
monide, indium arsenide and indium phosphide, of which 
the first is at present the most important. In principle, 
indium nitride is also a member of this series, but little 
seems to be known about the character of this compound. 
Research has, however, been carried out on indium- 
selenium® and indium bismuth* and also on a great variety 
of tertiary systems as, for instance, indium in arsenic- 
phosphorus‘, gallium-antimony’, antimony-germanium, 
antimony-silicon, antimony-tin, antimony-lead, copper 
sein ciai silver-selenium®, copper  selenium*’, _ silver- 


* Communication pea the Laboratories of Mining and Chemical Products 
Lid 
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tellurium’, copper-tellurium’, and arsenic-gallium. Some of 
the earlier investigations may have been motivated by the 
desire to find alternative materials for germanium and 
silicon for transistor applications. Although, in this sense, 
the efforts have not been rewarded with practical success, 
the researches have revealed other properties which are 
interesting and valuable on their own account. 


Preparation and Purity 


As a rule, semiconducting indium compounds. are pre- 
pared by melting stoichiometric proportions of the con- 
stituents together in vacuum or in an inert atmosphere. 
This process is simplest in the case of InSb because the 
vapour pressure of Sb, even at high temperatures, is 
relatively low. In other cases, dangerously high pressures 
may arise, unless suitable precautions are taken to ensure 
that most of the reaction takes place at lower tempera- 
tures before the melting point of the resulting compound 
is reached. Crystals or, more usually, multi-crystalline 
ingots produced in this way can be subsequently purified 
and recrystalized by zone refining. This process is greatly 
aided by the fact that the constituent elements themselves 
are only slightly soluble in the compound. Repeated zone 
melting, followed by cropping of the impure ends there- 
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fore results in a material which has a low content of 
foreign impurities and which is almost free from non- 
stoichiometric excesses. The efficiency of zone refining 
differs for the various impurities encountered. It depends 
on the ratio of the solubilities of the impurity in the 
liquid and in the solid material respectively. Reliable 
information is now available for Cu, Ag, Au, Zn, Cd, Ga, 
Sn, Tl, Se. Te, P, As, Fe and Ni, which gives a measure 
of the care with which these matters have been investi- 
gated®. In this way InSb can be prepared with an impurity 
content of 1 part in 10° without undue difficulties and 
indeed with still smaller impurity contents when special 
care is taken. To achieve purities of this order, the con- 
stituent elements must be separately refined beforehand. 
In the case of indium, this is done by vacuum baking: 
antimony is zone refined and arsenic purified by a sub- 
limation process. The compounds can now be obtained 
in the form of single crystals for research purposes, pre- 
pared either by pulling a seed from the melt or by seeding 
a directionally cooled horizontal boat. Care must always 
be taken to ensure accurate temperature control’. 

InAs dissociates at the melting point because arsenic 
has a high vapour pressure. The procedure is therefore 
a little more complicated and involves maintenance of the 
entire charge at a high temperature during zone refining. 
Using the best available techniques, material with a 
residual impurity content less than | part in 10° has been 
made. A description of the process has been given by 
Gremmelmaier”. In many important cases, the degree of 
purity with which one is concerned in these materials is 
beyond the scope of spectroscopic analysis". The purity 
assessment must therefore be made on the basis of the 
electrical properties themselves. 


Binding Energies 

A glance at the periodic table shows that InP would 
be expected to have properties which are very roughly 
comparable with those of Ge, and InSb properties which 
correspond to those of (grey) In. InAs should occupy 
an intermediate position and this is confirmed by 
experience. 

InSb, InAs and InP all crystallize with a zincblende 
structure. Their binding is primarily covalent, but an 
appreciable ionic component is also effective. As a result 
of the ionic binding component, these Group III-V com- 
pounds have higher binding energies than their corre- 
sponding Group IV analogues. As an immediate con- 
sequence, they have higher melting points. The binding 
energy and the melting point are also related to the crystal 
structure, and it has actually been shown” that, to a good 
approximation, the melting point is a linear function of 
1/a® when a is the lattice parameter. The energy relations 
of electrons in these crystals can, as usual, be described 
by a band structure. One of the important features of 
this band structure is the so-called ‘band gap’, i.e. the 
minimum energy required to make a valence electron 
mobile within the crystal. The high binding energy gives 
rise to relatively wide band gaps. From the point of view 
of semiconductor applications, this is a desirable feature, 
since the band gap is perhaps the most important single 
factor which determines the maximum temperature at 
which these materials can be effectively used. On the 
other hand, materials in which the band gap is very low 
(e.g. as it is in InSb) are generally less sensitive to the 
presence of impurities than others. Table 1 provides a 
summary of these relations. In particular, InP has a band 
gap which is greater than that of Ge by a potentially 
useful margin. It could therefore be used at substantially 
higher temperatures. Unfortunately, the material has not 
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yet been prepared with the degree of purity and crystal 
perfection that would make more detailed comparisons 
with Ge meaningful. In some cases, as indicated in 
Table 1, there remains a measure of uncertainty as to the 
precise values of the parameters quoted. 


Electronic Mobilities 

As is well known, the electrical conductivity of a 
material is determined partly by the concentration of free 
charge carriers and partly by their mobility. In semi- 
conductors, the carrier concentration is usually (but not 
under all conditions) dependent on foreign impurities or 
else on departures from the stoichiometric composition. 
This applies particularly when the band gap is large (InP), 
since this makes the thermal ‘activation’ of resident 
valence electrons relatively difficult. At the other extreme 
is InSb which has the smallest band gap. Impurities still 
control the carrier concentrations at low temperatures, but 
at high temperatures nearly all the carriers which are free 
to move arise from the lattice itself. The effect of 
impurities is then primarily to lower the mobility by acting 
as scattering centres. 

As Table 1 shows, the three principal compounds are 
all characterized by high mobilities. The values quoted 
under u, and uw, refer respectively to the mobilities of free 
electrons and of ‘ missing electrons’ in the valence band 
or * positive holes’ as they are called. uw, is particularly 
high for InSb and, indeed, higher than any mobility known 
before the first experiments on this material. The hole 
mobility is always smaller than the electron mobility, and 
the practical utility of a material (e.g. for galvanomagnetic 
applications) is therefore governed by u, and its tempera- 
ture dependence. 


Indium Phosphide 

By virtue of its large band gap, InP is in a somewhat 
special position. It is a material of much higher resistivity 
and has been reported to show transistor action’. The 
specimens so far available have not approached modern 
germanium as far as purity and crystalline order is con- 
cerned. Thus, although substantial power gains have been 
recorded with point contact assemblies, the transistor 
action in InP has not yet reached the level of efficiency 
with which one is familiar in Ge. The traditional tran- 
sistor materials cannot as yet be replaced, but InP and 
similar compounds clearly merit careful attention from 
this point of view. In contrast to this, transistor action 
in InSb and InAs at room temperature is not conceivable 
since valence electrons activated across the much smaller 
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band gap would mask and swamp any modulation of 
carrier concentration which might be induced by elec- 
trical means. Metallic point contacts on the surface of InP 
exhibit a high degree of rectification. Current ratios of 
the order of 10°: 1 have been quoted. Such point contacts 
are also highly photo-sensitive. There are possibilities for 
the application of InP in solar energy conversion and the 
material can also be used as a detector of thermal 
neutrons. For this purpose, pn junctions can be prepared 
by means of a diffusion process, and used as described 
by Gremmelmaier and Welker”. 

The behaviour of this material is reasonably well under- 
stood, but a number of interesting problems remain. One 
is associated with an unusual form of electrical break- 
down observed at low temperatures”. At 4:2°K such a 
breakdown can occur at fields as low as 9:1V/cm. It is 
completely reversible. The effect has not yet been com- 
pletely explained but is believed to be associated with 
conduction processes in which charge carriers move 
directly from one impurity centre to another. (Impurity 
band conduction.) 


Tertiary Compounds 

The most reliable and extensive information is prob- 
ably that available for compounds which can be repre- 
sented by the “general formulae*’’ InAsy Pi-y where 
O<y<1l. These form a continuous series of mixed 
crystals and can thus be systematically studied. Such work 
has shown that the band gap is, in this case, a linear 
function of composition and that the high mobility ratio 
Un/Up tends to be maintained as the composition changes 
gradually from InAs to InP, even though the mobilities 
themselves become smaller. The mixed crystals can be 
made n-type or p-type by suitable additives in the same 
way as the binary compounds InAs and InP. A wide 
range of solid solutions also exists between GeSb and 
InSb°**. Experiments of this kind demonstrate a promis- 
ing measure of control and ‘ designability ’ of these semi- 
conducting materials. Further information on their pre- 
paration and properties has been given by Austin ef al.' 


Applications of Indium Antimonide and Indium Arsenide 

The applications of InSb depend directly on two prin- 
cipal features: the small band gap and the high electron 
mobility. As a result of the small band gap; the material 
is capable of showing photo-conduction which extends to 
7-5 microns. The outcome is a sensitive radiation detector 
which also happens to have a low noise level and a 
response time of less than Itusec. It finds application in 
infra-red spectroscopy and low temperature pyrometry. 
By the addition of lead, tellurium or tin the optical 
absorption edge can be shifted to a shorter wavelength 
(larger band gap) and a variety of materials suitable for 
the preparation of infra-red filters can thus be obtained. 

As indicated above, the large electron mobility has some 
special consequences, particularly as far as the galvano- 
magnetic properties are concerned. When placed in a mag- 
netic field which is at right-angles to the current, speci- 
mens of InSb develop a relatively large transverse voltage 
which is known as the Hall voltage. Some current can be 
drawn from this voltage source. The device is then called 
a Hall generator”. Its efficiency (for an n-type specimen) 
is proportional to (u,f/)*, where H is the magnetic field. 
In practice this amounts to approximately 16 per cent in 
InSb, which is about 160 times as high as the values 
calculated for germanium”. For InAs, the calculated value 
is 7-8 per cent. The Hall voltage is proportional both to 
the longitudinal specimen current and the magnetic field 
which, in turn, can be controlled by an independent 
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external current. It is thus a mixing, modulating and multi- 
plying device. Indeed, by a magnetic field arrangement of 
suitable geometry and by providing for a sufficient amount 
of positive feedback, a power amplification effect can be 
achieved. An oscillator can also be constructed in this way. 
Since only low fields are required, the Hall effect itself 
can be used for sensitive magnetic field measurements. The 
same object can be achieved by measuring the change of 
resistivity which occurs when a specimen is placed in a 
transverse magnetic field. (Magneto-resistance.) The effect 
can be most sensitively demonstrated by means of a so- 
called Corbino disk. This is a semiconducting specimen 
of circular shape with one electrode at the centre and 
another on the entire periphery. A transverse magnetic 
field is applied at right-angles to the area of the disk. Ia 
the absence of the field, the carrier mobility has its normal 
value and the current flows radially along the shortest 
path. When the field is applied, the effective mobility is 
smaller and the path length of the current is greatly 
increased by the magnetic deflexion. These two effects 
reinforce one another in producing a substantial change 
of resistance. For a field of 10kG it could amount to a 
factor of 18, and perhaps more. Such techniques have 
been applied to the measurement of magnetic fields as 
low as 10°G. Microphones, strain gauges, thickness 
gauges, etc., can be based on this principle. Magneto- 
sensitive components can be used in a variety of control 
circuits operated at normal temperatures. (At very low 
temperatures, the magneto-resistive effect in InSb becomes 
negative, an observation which is not yet satisfactorily 
explained.) The multiplication effect mentioned above can 
be utilized for the construction of wattmeters and various 
forms of modulators. Devices of this general kind have 
found application in fields as far apart as railway signal- 
ling and the industrial counting of ferromagnetic objects. 
There are also piezo-resistive properties (change of resis- 
tivity with pressure) which may prove to be of practical 
interest”. InSb (and, indeed, also InAs and InP) can be 
used for the preparation of pn junctions and these can 
act as photo-sensitive elements. 

Practical devices should have a high degree of stability 
as well as a high sensitivity. Since InSb has the highest 
electron mobility, devices based on this material are the 
most sensitive. On the other hand, they are much more 
temperature dependent than comparable devices based on 
InAs. For various applications, the stability requirements 
may be sufficiently important to favour InAs, despite the 
loss of efficiency involved. It is also a considerably harder 
material which may have practical advantages. 

Numerous applications which are now known to be 
possible in principle still remain to be fully exploited in 
practice and, as this short survey indicates, these materials 
are of great versatility, substantial technological promise 
and scientific interest. 
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ALMA COMPONENTS LTD 
55 Holloway Road, London N.19 
WIREWOUND RESISTORS 


A number of new types of wirewound 
resistors were shown, including the 
following : 

Type Y 

A new range of resistors on American 
sized bobbins to provide interchange- 
ability. Rated at 4, 4 and 4W and set to 
Q-l per cent, these resistors are made to 
a high standard and have temperature 
coefficients guaranteed better than 0-002 
per cent/°C. 

Type A4 

The first of the type A range, this 
resistor is fully hermetically sealed and 
tropicalized and is being submitted for 
Type Approval to DEF.5113. It will 
operate over the range -—55°C to 
+120°C, and is available from 1002 to 
400k2 set to 0-1 per cent. 

Type C 

A compound wound resistor with a 
temperature coefficient guaranteed to be 
zero +4 parts per million per °C over 
the range 0°C to 100°C. Wound on Alma 
standard bobbins type S, these resistors 
are rated at 1W (Type Cl), 4W (Type C2) 
and 4W (Type C4). Tolerances to +01 
per cent. 

EE 22751 for further details 


ASSOCIATED ELECTRICAL 
INDUSTRIES (Woolwich) LTD 

155 Charing Cross Road, London W.C.2 
TRANSISTORS 

Among the devices recently introduced 
for industrial applications are _ four 
power transistors, two of which have 
peak current ratings of 10A and col- 
lector-base voltage ratings of 80V and 
100V (types XCI55 and XC156). The 
other two power transistors have peak 
current ratings of 3A, with collector-base 
voltage ratings of 40V and 60V (types 
XC141 and XC142). 

A range of three drift transistors has 
been released for high speed switching 
applications. The minimum frequency 
(f,) at which the current gain is unity for 
these transistors (XAI141, XAI142 and 
XA143) is 20Mc/s, 40Mc/s and 60Mc/s 
respectively. The exhibit also contained 
two switching transistors of the Mesa 
construction, with minimum f,’s_ of 
25Mc/s and 35Mc/s (types XA161 and 
162) offering a low saturation resistance 
and absolute maximum collector dissipa- 
tion of 75mW at 55°C and an absolute 
maximum collector-base voltage of 13V. 

For low speed high voltage switching, 
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the XB121 with a collector-base voltage 
of 105V is of considerable interest. 

A range of three germanium npn alloy 
devices for complementary switching 
circuits was also included. These are 
types XA701, 702 and 703, with mini- 
mum f,’s of 3Mc/s, 5Mc/s and 10Mc/s 
and with a coilector dissipation of 70mW 
at 55°C. 

Drift transistors with r.f. amplications 
up to 100Mc/s were shown, as well as 
the more conventional and established 
range of pnp alloy devices for audio 
and r.f. applications, some in alternative 
encapsulation particularly interesting to 
printed circuit users, 


EE 22752 for further details 


AVO LTD 


92-96 Vauxhall Bridge Road, 
London S.W.1. 


CHARACTERISTIC METER 
(Illustrated above) 

An improved valve characteristic 
meter—the Mark 4, has recently been 
introduced. 

While it retains all the facilities exist- 
ing on earlier models, the following 
additions have been incorporated: 

(a) A considerably increased facility for 
the correct setting of negative grid 
potentials, particularly at low values. 

(b) More accurate and concise methods 
for determining grid current, in par- 
ticular when the valve under test 
suffers from reverse or primary 
emission. 

(c) Additional anode voltages for test- 
ing the recently introduced low 
anode voltage valves. 

(d) Improved regulation of the anode 
and screen voltage supply to reduce 
reflected impedance problems. 

(e) Overload protection for the move- 
ments. 


Avocet House, 


VALVE 


Anode voltages between 12°6V and 
400V in steps, screen voltages 12°6 to 
300V in steps; grid voltage continuously 
variable from 0 to 100V. Anode current 
from 2-5mA f.s.d. to 100mA f.s.d. on 
the meter, screen currents over the same 
range; grid current 0 to 100A filament- 
heater voltages between 0-625 and 117V; 
mutual conductance from 0-1 to 
60mA/V; Go/No-Go facilities are also 
available on the instrument. 

Diodes and rectifiers can be tested 
under reservoir load conditions between 
ImA and 180mA. 


EE 22753 for further details 


B & K LABORATORIES LTD 

4 Tilmey Street, Park Lane, London W.1 
TAPE Loop MAGAZINE 

This is claimed to be the smallest 
magazine ever designed to handle con- 
tinuous tape loops up to 120ft in length. 
It provides simple conversion from 
laboratory reel-to-reel recorder/repro- 
ducer to a continuous loop device. This 
magazine contains easily threaded rollers 
for accommodating jin, 4in or lin tape 
up to 120ft in length. 

The tape path is extremely simple and 
lends itself to quick threading. Long 
loops can be quickly interchanged and 
all standard tape speeds from 1{in/sec 
to 60in/sec can be selected instantly. 

The magazine can be removed and 
replaced by a regular 104in reel-to-reel 
magazine on the P.S.200 recorder. 

This new loop magazine enables the 
P.S.200 recorder/reproducer to be used 
for delay applications and spectrum 
analyses of large samples of data and 
can accommodate up to 14 channels of 
information. Such applications have in 
the past required large rack mounted 
units with cumbersome suspended idlers 
or complex interwoven tape paths. With 
the new magazine, users can start with 
either a reel-to-reel or loop instrument 
and later expand the range of applica- 
tions. 

EE 22 754 for further details 


INK RECORDING INSTRUMENT 

The Oscillomink 230B is an_ ink 
recording instrument capable of record- 
ing up to Ikc/s, with variable sensitivity 
from 0-2mm/mV to 4mm/100V. The 
direct writing system is based on a new 
principle whereby an extremely fine jet 
of writing fluid is impelled at high speed 
out of a nozzle, fine as a hair, placed 
in the driving centre of the galvano- 
meter. Since the free jet is not an 
integral part of the moment of inertia 
of the system, a high resonant frequency, 


JUNE 1960 





about 650c/s, is made possible. The base 
line can be moved to a suitable position 
on the paper without influencing the 
linearity. When recording with several 
channels the traces can, without inter- 
ference, cross or be recorded with a 
common base line. The recorder is also 
provided with individual adjustment of 
the line width. Paper speeds are 5, 10, 
20, 50, 100 and 200mm/sec adjustable 
during operation. Accuracy better than 
1 per cent. 

Separate attachments are available for 
paper speeds of 0-5, 1 or 2m/sec, locally 
or remotely controlled 

[his instrument is provided with twin 
push-pull d.c. amplifiers with coarse and 
fine adjustment of the sensitivity, trim- 
mable phase and amplitude correction, 
good discrimination between symmetrical 
and assymetrical signals, and a carrier 
frequency modulated final stage with ex- 
pansion coupling. Other units available 
include 8 and 12 channel recorders and 
twin amplifier units 


EE 22755 for further details 


R. H. COLE (Overseas) LTD 
London S.W.1 
MEASUREMENT 


2 Caxton Street, 
CARRIER FREQUENCY LEVEI 
(Illustrated below and next column) 
This 
tured by 
a level 


equipment, which is manufac- 
Siemens & Halske, consists of 
oscillator level 
meter. It enables selective measurements 
of level, attenuation and gain to be 
made at trequencies between 30kc/s and 
1SMc/s This spectrum includes, for 


and a selective 


example, multi-channel carrier-frequency 
telephone systems using coaxial cable or 


radio links, the CCITT basic group (60 
to 108ke/s, 12 channels), the 
CCITT basic supergroup (312 to $52ke/s, 
60 voice channels), the CCITT 
mastergroup (812 to 2044kc/s, 300 voice 
channels) and the CCITT basic super- 
mastergroup (8516 to 12-388Mc/s, 900 
voice channels) 

A particular merit of this equipment 
is the high accuracy of the generator 
frequency and the tuning arrangement 
of the detector; it is attained by a 
crystal controlled electronic frequency 
lock-in system. At any point of the over- 
all frequency range, which is traversed 
in one sweep of the dial, an indicating 
lamp lights whenever the frequency has 
locked in on the frequency correspond- 
ing to the scale division to be set (every 


voice 


basic 
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100kc/s). This considerably speeds up the 
setting of frequencies. Frequency values 
between the scale divisions can be set 
to within about 200c/s at any point of 
the overall range by means of an addi- 
tional incremental tuning control. 

Because of the automatic tuning 
facility for the main and incremental 
frequency controls of the level meter, all 
measurements, where generator and de- 
tector need not be physically separated, 
can be carried out from the generator 
as simply and rapidly as wideband 
measurements. 

The wide measuring range and high 
selectivity combined with the high image 
frequency rejection and low residual 
harmonic distortion allow measurements 
of crosstalk and distortion attenuation; 
the electronic frequency lock-in feature 
further adds to the ease of such 
measurements. The stability with time of 
the settings is of value for continuous 
supervision purposes. 

For lower demands on_ frequency 
accuracy equipments are available with- 
out the electronic frequency lock-in 
feature with either neper or decibel 
calibration. 


The level oscillator can be amplitude 
modulated at frequencies of 0 to 100kc/s 
by an external source 

Since the level meter responds to r.m.s 
values, it can be used for measurements 
of random noise, e.g. in conjunction with 
the random-noise generator type Rel 
3 W 432 

EE 22756 for further details 


EKCO ELECTRONICS LTD 

Southend-on-Sea, 
AUTOMATIC SCALER 

(Illustrated above right) 


Essex 


The new Ekco type N610 is a com- 
bined automatic scaler and timer, incor- 
porating a stabilized high-voltage supply, 
a high-gain input amplifier and a pulse 
height analyser. A ratemeter facility is 
provided, with push-button selection of 
1009. 10000 and 100000 
ranges. 

The scaler may be stopped automati 
cally at predetermined counts up to 
1 000 000 and at predetermined times up 
to 100000sec. The timer can alter- 
natively be used as a second scaler with 
its own pulse height discriminator, the 
timing system being referenced to the 
mains frequency, although provision is 


counts/sec 


377 


also made for using an external fre- 
quency standard. Input sensitivity is S5mV 
negative-going and SV_ positive-going 
The switch-selected amplifier gain is 25, 
50, 100, 250, 500 or 1000 and there is 
a Stabilized high-voltage supply of 250 
to 2 000V in two ranges. 


EE 22757 for further details 


ENGLISH ELECTRIC CO. LTD 

Marconi Strand, London W.C.2 

TRANSISTORIZED INTER-TRIPPING UNIT 
({llustrated below) 

This fully transistorized inter-tripping 
system costs about half as much as con 
ventional equipment and, working on the 
frequency shift principle, is designed as 
a protection link in power networks 

[he unit, containing protective 
circuits, measures only 20in x 12in x 12in, 
which is smaller than any ‘existing equip- 
ment 

The transistorized logic give 
reliable service, a low -power consump- 
tion and a fast operating time. On a 
normal power line the time taken to 
relay a signal for tripping a circuit will 
not exceed SSmsec and under the worst 
conditions 85msec. 

A typical application is where a step- 
down transformer is connected to the 
remote end of a 33kV line 

Here, a fault on the low voltage side 
of the transformer will not necessarily 
be detected by the protective relay at 
the supply end of the feeder and under 
this condition problems arise in tripping 
the circuit-breaker at the supply end. 
This is particularly true if the fault level 
on the Lv. side of the transformer is 
restricted by an earthing resistor. This 
difficulty is overcome by the use of 
inter-tripping equipment initiated from 
the Lv. side of the transformer. 


House, 


two 


circuits 


ELECTRONIC ENGINEERING 





Each terminal unit on this new equip- 
ment, known as type SL54, has its own 
transmitter and receiver. Under healthy 
conditions a continuous signal on a 
given frequency is transmitted over the 
interconnecting G.P.O. lines to the re- 
ceiver at the other end of the line. When 
a fault occurs this frequency is shifted 
and the change, detected by the appro- 
priate receiver, causes operation of a 
relay which in turn initiates whatever 
action is required. 


EE 22758 for further details 


ERICSSON TELEPHONES LTD 





TACHOMETER 
(Illustrated below) 

Constructed from E.T.L. sub-units, 
this instrument uses a_ reference fre- 
quency of 100c/s to measure from a 
lower limit, governed only by the 
efficiency of the transducer employed, 
up to a maximum of 1 200 000rev/min. 
The 100c/s may te generated either 


internally or externally. 


ee 3 


orem 


There are two input channels to cater 
for pulse amplitudes between 0-1V and 
1V or 1V and 100V. Both channels 
accept either sinusoidal or positive going 
pulses of greater than 4usec duration. 

The period of count and the length 
of time of display may each be adjusted 
between Isec and 10sec, count and dis- 
play times being complementary to a 
total of II. 

EE 22759 for further details 


DRIVEN TRANSDUCER 
(Illustrated below) 

The Rotapulse is a_ shaft driven, 
photo-electric transducer, which converts 
the angular velocity of its shaft into a 
known number of electrical pulses per 
revolution. 

Rotation of the shaft causes the inter- 
ference pattern produced by light shining 


SHAFI 
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through transmission gratings to cycle. 
the cycling being detected by photo- 
transistors mounted as_ diametrically 
opposed pairs. Since each pair is thus 
subjected to anti-phase signals, both 
together form a differential device pro- 
ducing the maximum number of pulses. 
The standard instrument produces | 000 
pulses per revolution, but instruments 
with other maxima can be provided. 


As demonstrated, a Rotapulse is so 
mounted that its shaft projects through 
the centre of a disk calibrated in 1000 
units. Spinning the pointer attached to 
the shaft causes the number of pulses 
produced by the Rotapulse to be in- 
dicated on a bi-directional counter con- 
structed from transistorized counting 
units, Type 116A. 


EE 22760 for further details 


Loap CELLS 
(Illustrated below) 
Produced to meet the growing need 
for weighing devices which 
accurate, and robust, the Nobel load cell 


is designed to give extreme stability 
against temperature effects. long term 
drift of the cell output, and creep with 
sustained loading. These characteristics 
are unaffected by use in corrosive atmo- 
spheres, and the load cell housing is 
constructed to carry side loads compar- 
able with the maximum rated load of the 
cell. 

When several Nobel load cells are 
used in a multiweighing installation, a 
single instrument can be used to indicate 
the output of any or all of the cells. 
An accuracy better than +025 per cent 
is normal, and this accuracy is main- 
tained over long periods. Five standard 
sizes of cell covering all weights up to 
50 000lb have been produced, and were 
exhibited as a static display. 

EE 22761 for further details 


FERRANTI LTD 
Hollinwood, Lancashire 
CO-ORDINATE INSPECTION MACHINE 
(Illustrated above right) 

This co-ordinate inspection machine 
which can help to speed up the work 
of inspection departments as it can check 
the proportions of an object to an 
accuracy of 0-00lin in half the time taken 


are fast, 


by orthodox methods of inspection such 
as engineer’s dial gauges, etc. 

An inspection probe with interchange- 
able tips, suitably shaped, can be placed 
at any point on a machined part. This 
probe is supported from a rigid canti- 
lever beam projecting over the work 
table to which the item to be inspected 
is clamped. 

Electro-optical sensing units are fitted 
to the x and y axes of the machine. 
Motion along either axis causes the 
Moiré fringe pattern generated by the 
associated diffraction gratings to traverse 
photocells, where changes in light inten- 
sity are converted into their electrical 
counterpart. Transistor _ bi - directional 
decade counters—one for each axis— 
record the cyclic variation. 

Measurement information is displayed 
continuously on the two five-figure elec- 
tronic counter banks, the position of the 
probe at any point in its x and y travel 
can be read-off directly to an accuracy 
of 0-001in. 

EE 22 762 for further details 


THE GENERAL ELECTRIC CO. LTD 
Magnet House, Kingsway, London W.C.2 
DECIMAL READ-OUT MICROMETER 
(llustrated next column) 


A demonstration showed how digitizers 
can be geared together to obtain high 
resolution. Four size 11 binary coded 
decimal digitizers are used, one for each 
decimal digit, giving a numerical display 
of the micrometer reading in ten- 
thousandths of an inch. All circuits are 
transistorized. 

The gearing between digitizers is not 
critical, since they have additional wind- 
ings which, by means of an associated 
circuit, are arranged to prevent ambiguity. 
This is done by using the most significant 
digit of the finer of each pair of digitizers 
to switch the excitation of the coarse 
digitizer from one winding to another. 

The units are excited by means of 
square waves generated by a transistor 
multivibrator. The resulting outputs from 
the digitizers are amplified, phase de- 
tected, stored in bistable circuits, and 
then decoded by means of relays which 
drive the numerical display. 

As shown, each digitizer has a separate 
block of output circuits associated with 
it. In many applications it is possible to 
excite the units sequentially and use a 
single block of output circuits on a time 
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sharing basis. This can lead to a consider- 
able economy in equipment, especially 
in systems containing a large number of 
digitizers. 

EE 22763 for further details 


VIBRATOR Drive EQuIPMENT 

This is designed to provide all the func- 
tions necessary for the running of a 
VEM 5-2 or similar vibrator in a form 
suitable for use by factory labour. 

The vibrator is operated in the fre- 
quency range 30c/s to 10kc/s by a low 
distortion amplifier with a nominal out- 
put of 2-5kW. The acceleration level of 
the vibrator table may be controlled 
within close limits by a rapid-response 
g control unit operating on any one of 
three accelerometers, with independent 
level indication on a _ meter scaled 
logarithmically from 2 to 100¢. 

An external signal source, or one of 
two internal sources may be used. The 
internal motor driven sweep oscillator is 
controlled entirely from the front panel 
and may be swept between any preset 
limits in the 30c/s to 10kc/s range, at 
sweep speeds between 4 and 140sec/ 
octave. A manual control may be used to 
set any required single frequency and the 
frequency, once set, may be held in- 
definitely. 

The internal tape recorder is a twin- 
track, automatically reversing machine 
providing half-hour continuous play 
back, repeated indefinitely with a revers- 
ing time of less than five seconds. 

EE 22 764 for further details 


GENERAL PRECISION SYSTEMS 
LTD 
Aylesbury, Buckinghamshire 

ANALOGUE COMPUTER COMPONENTS 

Included in a range of d.c. analogue 
computer components are the following: 
Function Generators 

This electronic function generator, of 
the diode switched type, is arranged to 
accept an input of up to +100V d.c. 
Its output is also up to +100V d.c. and 
may be adjusted to be any desired func- 
tion of the input voltage. The function 
is approximated by a series of straight 
lines. This is done by splitting the range 
into 10 sections separated by 9 * break 
points" which may be set at any value 
of input voltage. Each of the sections 
has a straight line law, the slope of 
which is variable from zero to 10 in 1. 
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All setting controls are so nearly in- 
dependent of each other that by setting 
each one once only, an overall accuracy 
of +2 per cent is attained. The band- 
width is 2kc/s. The unit is complete with 
its own internal amplifiers. 

Functions may also be generated by 
the use of the tapped resistance 
fitted to the servo-multiplier units. 


cards 


Servo-multipliers 

This low speed servo-multiplier con- 
sists of a velodyne motor generator driv- 
ing three potentiometers. One potentio- 
meter is used for motor control and a 
switch enables this to be disconnected 
when integration is required. A_ two- 
speed gearbox is standard and alterna- 
tive gearboxes may be fitted, giving a 
possible variation of integration range 
from 4 
hours. 

The other two potentiometers have 9 
tappings so that by suitable resistive 
loading various functions may be 
approximated. Two additional potentio- 
meters may be added. 

A high speed servo-multiplier is also 
available using rotary potentiometers 
driven by an MES servo motor. A speed 
of 10c/s full scale is attained and either 
three or six potentiometers may be fit- 
ted. In each case one is used for motor 
control, one has 9 tappings, and the rest 
are centre-tapped. 

EE 22765 for further details 
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LIVINGSTON LABORATORIES LTD 
Retcar Street, London N.19 
SAMPLING OSCILLOSCOPE 
(Illustrated above) 

The Hewlett-Packard oscilloscope type 
185A together with the model 187A 
dual trace amplifier provide a system for 
viewing fast-pulse phenomena requiring 
bandwidths of up to 500Mc/s. Successive 
samples of the pulse under test are 
taken at slightly later times during each 
recurrence. The samples are then recon- 
structed on a long time-base, giving a 
system with an effective rise-time of 
0-7musec. 

The number of samples per trace can 
be selected by a control on the front 
panel and comprehensive triggering and 
sweep expansion facilities enable lead- 
ing and trailing edges of pulses to be 
examined in detail. 

In addition, accurate measurements of 
rise-time, duration or spacing can be 
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made by using the second channel for 
a simultaneous display of the time cali- 
brator output and an output is provided 
for operating an X-Y plotter so that 
permanent records can be made of high 
speed phenomena. 

Each channel has independent sensi- 
tivity with calibrated ranges from 
10mV/cm to 200mV/cm accurate to +5 
per cent and has an input impedance of 
approximately 100k2 shunted by 2pF. 

EE 22 766 for further details 


CAMERA 
Hewlett-Packard type 
oscilloscope camera with its Polaroid 
Land back, enables a positive photo- 
graphic record of an oscilloscope trace 
to be obtained in a matter of a minute. 

A viewing hood permits observation 
of the trace during exposure and the 
special f/1-9 lens provides an image of 
a full 10cm graticule width, with no 
appreciable degrading of the c.r.t. reso- 
lution. The object-to-image size ratio 
is | to 09 

Problems of light leakage have been 
eliminated by using a standard camera 
bellows and a facility is provided for 
moving the lens through 11 detented 
positions to assist in carrying out mul- 
tiple exposure work. 
EE 22 767 for further details 


OSCILLOSCOPE 


The 196A 


MARCONI INSTRUMENTS 
St. Albans, Hertfordshire 
RATEMETER 
(lllustrated below) 


This instrument (type TF1292) gives an 
indication by meter of the count rate or 
integrated count of nuclear particle and 
radiation detectors. Count-rate ranges of 
30, 100, 300 and 1000 per second full- 
scale are provided; with these, a_ time- 
constant of 1, 5 or 20sec can be selected. 
The integrated-count ranges are 1 000, 
3 000, 10 000 and 30 000 counts full-scale. 

Iwo adjustable e.h.t. outputs are pro- 
vided: one for a particle or radiation 
counter and the other for a precipitation 
chamber. Also available are an h.t. and 
l.t. supply for an external pre-amplifier. 

The instrument is suitable for many 
radiation measurement applications in 
industrial processes and in laboratories. 
One particular use is in a system monitor- 
ing the coolant gas in a nuclear power 
station, thereby detecting faulty fuel ele- 
ments. Employed for this purpose, it 
measures the output of a scintillation 
counter that reacts to radioactive particles 
in the gas; the particles, being ionized, 
are precipitated on to a wire fed with an 
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attracting e.h.t. voltage provided by the 
ratemeter. 

There is provision for remote control 
and indication, and operation of a warn- 
ing circuit at any predetermined meter 
indication, or in the event of failure in 
the power supplies. In addition to the 
panel-meter indication of count-rate or 
count, there are two proportional out- 
puts for external use giving SOV and 
100mV at full-scale; the lower is par- 
ticularly intended for a recorder. 

EE 22768 for further details 


ANALOGUE-DIGITAL CONVERTOR 
(Illustrated above) 

The TF 1325 is a fully transistorized 
analogue to digital convertor for use in 
feeding to indicating, recording or pro- 
cessing equipment, the value of an 
applied d.c. potential from 0 to 0-999V. 
Binary coded (+10/0V) decimal output 
of three digits provides an accuracy of 
+ImV. The sampling period is 20msec 
and can be initiated remotely. A step 
signal indicates when sampling is com- 
pleted and a result is held available: the 
input current is then below 0-15#A. 

The digitizer is primarily designed to 
receive a d.c. voltage, as an input, sample 
its level, and provide the result rapidly 
and accurately in digital form for appli- 
cation to a decoder and line printer or 
electric typewriter, thereby enabling a 
record to be obtained for subsequent 
reference. Used in this way, it finds par- 
ticular application in repeatedly monitor- 
ing the level of radiation at a number of 
points in a nuclear power station. Volt- 
ages derived from points to be monitored 
are applied in turn to the digitizer, and 
need only be steady over each sampling 
period. 

The high speed capabilities of the 
digitizer also make it suitable as a con- 
vertor translating an analogue voltage 
into digital form for application to data 
processing equipment. 
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Mullard House, Torrington Place, London W.C.1 
ALLOY DIFFUSION TRANSISTORS 

The alloy diffusion technique has 
already been employed successfully in 
the large scale production of the OC170 
and OC171 transistors which are widely 
used for if. and r.f. amplification in h_f. 
and v.h.f. receivers. A number of devices 
has now been developed for use in tele- 
communications, computing and indus- 
trial equipment, including the following: - 
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Transistors for V.A.F. Communications 

The v.h.f. transistor type AFZ11 has 
been developed specifically as a low-noise 
transistor for 100Mc/s amplification in 
professional communications equipments. 
The particular manufacturing technique 
used for this device enables the extrinsic 
base resistance and the feedback capaci- 
tance to be kept at very low values, and 
at 100Mc/s the transistor will give a 
power gain greater than 10dB. The noise 
figure, at the same frequency, does not 
exceed 6dB. The average current gain is 
50. 

Maximum ocollector-base voltage is 
—20V and maximum collector-emitter 
voltage is —12V at the full current rating 
of 10mA. Collector leakage current is 
4uA (average) with collector-base voltage 
of —6V and at a temperature of 25°C. 
Maximum junction temperature is 75°C 
and the thermal resistance is 0-6°C/mW, 
permitting a dissipation of 50mW in an 
ambient temperature of 45°C. The tran- 
sistor is housed in a metal envelope. 

The AFZI1 will be followed soon by 
a further transistor designed for the 
same professional applications but at 
twice the frequency. In the 200Mc/s 
of v.h.f. communications equipment this 
transistor will provide a power gain 
greater than 10dB, with a noise figure 
of less than 9dB. 


Very Fast Computer Logic 

An alloy-diffused transistor with good 
large-signal characteristics will shortly 
be available for the logic circuits of very 
high-speed computers. 

This transistor is an extremely sophis- 
ticated device which will meet the re- 
quirements of future computers with 
clock pulse rates up to 10Mc/s. It will 
have a frequency cut-off of several 
hundreds of megacycles per second, ex- 
cellent bottoming characteristics at SOmA 
collector current, and an adequate dissi- 
pation rating for its applications. 

This transistor was demonstrated in 
low-level voltage-switching logic circuits 
and in a 10Mc/s decade counter. 


Fast, High-Current Core Driving 

This transistor is under development 
for driving high-speed ferrite memory 
systems in computers, in conjunction with 
the new high-speed logic transistor men- 
tioned above. 

It is capable of delivering output 
pulses of several hundreds of milliamps 
with extremely fast rise times. Its maxi- 
mum collector current rating is {A and 
the value of its f; parameter is greater 
than 60Mc/s. 

A demonstration featured the 
in a_ high-speed, high-current 
generator providing 4A output 
with average rise-times shorter 
40musec. 

Its high-frequency, high-power charac- 
teristics also suit it for carrier telephony 
and transmitting equipment. In _ these 
applications it provides 3W output at 
8Mc/s. or up to 1W at higher frequen- 
cies. A demonstration showed it used 
in the driver and output stages of a 
2:°5W transmitter working at 8Mc/s. 


device 
pulse 
pulses 
than 
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PNPN Switching Transistor 

In the ATZ10 the alloy-diffusion tech- 
nique has been developed to provide a 
4-layer pnpn switching transistor. 

Its properties enable ‘ flip-flop,’ astable 
and monostable circuits to be designed 
using only a single pnpn transistor in 
place of the two conventional 3-layer 
devices normally required, with conse- 
quent savings in space and associated 
components. Further, it is also suitable 
for use as a switched speech path in 
automatic telephone systems. 

The ATZIO is a three-terminal device, 
and its action is similar to that of a 
combination of a pnp and an npn tran- 
sistor with internal regeneration. This 
construction results in a pronounced 
negative impedance characteristic over a 
usefully wide current range and enables 
the device to be pulse-operated as a high- 
speed electronic switch: once switched 
‘on’ it automatically remains ‘bot- 
tomed’ until switched ‘off’ by a fol- 
lowing pulse. 

The ATZ10 has a typical off-on im- 
pedance ratio higher than 3 million to 
one. Its maximum voltage rating and 
peak current rating are in the region of 
—35V and 25mA respectively. The maxi- 
mum junction temperature is 55°C, 
which allows a maximum total dissipa- 
tion of 17mW in an ambient tempera- 
ture of 45°C. 

At the exhibition a decade ring 
counter using ten ATZI0’s and capable 
of counting speeds of 30kc/s was demon- 
strated. 
Avalanche Transistor with Impusec Rise- 

time 

This device does not function by nor- 
mal transistor action, but by the 
‘avalanche’ phenomenon. It represents 
a specialized development of the alloy- 
diffusion technique that has valuable 
applications where unusually fast rise- 
times are required—for example, in 
high-speed sampling oscilloscopes 

A peak current of SO0mA can be 
reached with a rise-time of only Imusec, 
which represents a rate of current rise 
of S50A/xusec. 

At the exhibition it was demonstrated 
in an avalanche circuit producing 50mA 
pulses with a rise-time of about Imusec, 
at a p.r.f. of 4Mc/s. These pulses were 
displayed on a sampling oscilloscope 
which itself uses an avalanche transistor 
in the sampling circuit. 

Switching Transistor 

The ASZ20, already in production, is 
intended for switching applications, in- 
cluding computer logic circuits. 

It has a peak current rating of 25mA, 
and a maximum collector-base voltage 
of —40V. The f,; value is greater than 
40Mc/s, and the minimum large signal 
current gain is 33 at 25mA collector 
current. Maximum junction temperature 
is 75°C and the thermal resistance is 
0-6°C/mW, allowing a dissipation of 
50mW in an ambient temperature of 
45°C. Collector leakage current at —6V 
is less than 54A for a temperature of 
at. 

EE 22770 for further details 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible tor the opinions of our correspondents) 


Diffraction Grating Measurement 

Dear Sir,—Mr. Wilde in his letter on 
diffraction grating measuring systems 
(ELECTRONIC ENGINEERING, September 
1959) raises some points on which I 
should like to comment. 

Mr. Wilde mentions the conventional 
d.c. type reading head using four photo- 
cells and producing a balanced pair of 
quadrature output signals. Apparatus of 
this type has been used successfully for 
a number of years on Ferranti machine 
tool control and digital measuring 
systems and is covered by British Patent 
810.478 and is also covered by applica- 
tions in several overseas countries 

The grating defects of fan distortion 
and progressive error occur on some 
prismatic replica gratings to the extent 
mentioned by Mr. Wilde, but these would 
be regarded as rejects and not as good 
commercial gratings. In the case of 2 500 
line/in gratings giving a 0-000lin digit, 
the normal limit for progressive error is 
+0-000lin per ten inch length and for 
fan distortion +40sec. For 250 line/mm 
gratings giving a lu digit the limits are 
+1u per 20cm for progressive error and 
+15sec for fan distortion. A certain 
amount of selection has been necessary 
up till now to hold these limits, but with 


the improved range of master rulings 
now being made at N.P.L., it is expected 
that the yield will approach 100 per cent. 


The modified arrangement of index 
grating shown, which presumably has 4 
pitch step in its line structure between 
quadrants, would appear to _ preserve 
quadrature at the expense of amplitude 
and in fact the amplitude would be zero 
with a tilt of approximately two minutes 
with a 2 500 line/in grating if Mr. Wilde’s 
illustration is life size, since the anti- 
phase quadrants would be brought into 
phase by the existence of Moiré fringes 
with a pitch of O-8in and would then 
annul each other. This amount of tilt 
would also cause collapse of the signal 
with the other arrangement, but a tilt cf 
one minute would give a phase relation- 
ship of about 45° which is a_ usable 
signal. 

If only four digits per pitch of the 
grating are being used, quite severe phase 
variations or waveform distortion cannot 
introduce errors greater than one digit. 
A much larger subdivision of the cycle 
using coarser gratings with a carrier 
system has its attractions, but it loses 
the merit of simplicity and the close 
relationship tetween grating structure 
and output pulses. No doubt there is a 
place for both systems, but in fields which 
are basically digital such as co-ordinate 
positioning. and in applications such as 
the evaluation of photographs of nuclear 
tracks where high precision slides can 
utilize fine pitch gratings to give Iz 
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accuracy, the d.c. system of reading has 
distinct advantages. 
Yours faithfully 
A. T. SHEPHERD, 
Ferranti Ltd, 
Edinburgh 


The Correspondent Replies: 

Dear Sir,—I should like to thank you 
for giving me the opportunity to reply 
to Mr. Shepherd’s letter which you print 
above. I will try to discuss his points in 
the order in which they occur in his 
letter. 

The success of the Ferranti digital 
measuring system is undoubtedly estab- 
lished; however, I am sure Mr. Shepherd 
would be the last man to claim its ulti- 
mate perfection. 

On the question of the accuracy one 
may expect from 2 500 line/in commer- 
cial gratings I think Mr. Shepherd has 
been fortunate. To get gratings of the 
quality he specifies, we have had to apply 
to the National Physical Laboratory 
directly although they are naturally reluc- 
tant to interrupt their very intensive pro- 
gramme of grating improvement to do 
this work at present. I understand that 
this work in fact will shortly enable them 
to license to grating manufacturers 
improved techniques which will enable 
the tolerances Mr. Shepherd quotes to be 
reliably maintained. 

Incidentally, the biggest strides have 
been made in rather coarser gratings, 
particularly 1 000 line/in, which can now 
be reproduced by the N.P.L. to accuracies 
of about 10uin. To make full use of the 
potential accuracy of these scales it is, 
of course, essential to use an a.c. inter- 
polation system. I will mention such 
systems again after I deal with the quad- 
rant cursor. 

I must apologize first for the brevity of 
my previous letter. I will try to be more 
explicit in the following analysis, which 
is the most simple method of explaining. 
though not the best method of using the 
system. 

Consider two equal sized square cur- 
sors as shown in Fig. 1, (a) being quasi- 
quadrant arranged, (b) arranged as Mr. 
Shepherd advocates, Each has four zones 
of equal area, intended to read four 
quadrature spatial phases as shown. 

If the squares are for convenience, 
represented as having sides 4 units long, 
and each cursor is now moved to an area 
of grating which has a pure fan error 
giving a° phase shift per unit length, one 
may represent the spatial vector diagrams 
of each system as in Fig. 2(a) and 2(b) 
respectively. 

Differencing the anti-phase pairs of 
Fig. 2(a), the quasi-quadrant system, gives 
two vectors in perfect quadrature, of 
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amplitude 2 cos a. Differencing the anti- 
phase pair of Fig. 2(b), Mr. Shepherd’s 
system, gives two vectors a® out of quad- 
rature, of amplitude 2 cos a. 

System (a) will therefore work even 
when a is over 45°, system (b) would be 
working marginally, if at all, in this 
condition. What is more, the * square’ 
arrangement is by no means an optimum 
one, a true quadrant system (four quarters 
of a round cursor) can be easily shown 
to be even more advantageous. One does 
not, of course, simply remain content 
with the better quality signals. By con- 
siderably enlarging the cursor to, say, 
din diameter a‘ high signal level is pos- 
sible with a more underrun lamp. This 
last item is most important, since local 
heating of the scale due to the lamp’s 
radiant heat can cause appreciable error. 
In practice this system is quite fascinat- 
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Fig. 1. Two equal sized square cursors 
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Fig. 2. The spatial vector diagrams 


ing to watch, the Lissajous figure of the 
two quadrature signals remaining per- 
fectly circular on a grating, the imperfec- 
tions of which are well outside the limits 
I quoted in my original letter. Most 
important also is the fact that it will be 
similarly effective if, with perfect gratings, 
a slideway inaccuracy causes the reading 
head to tilt. 

Concerning ac. and dc. reading 
systems I personally feel that the most 
recent developments of the a.c. system 
will shortly render the earlier digital 
equipments obsolescent on machine tools, 
The early a.c. systems, with their reading 
heads involving rotating gratings perhaps 
had as many drawbacks as the purely digi- 
tal systems. Using detector modulation 
techniques, however, a system is now 
in existence which combines the elec- 
tronic simplicity of an a.c. system, with 
the optical simplicity of a d.c. system. 
The reading head itself is extremely 
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simple, the interpolation accuracy 1/50 
of a ruling pitch or better, and the elec- 
tronic output of such a form that the 
two fundamental operations for machine 
tools, positioning and contouring, become 
greatly simplified. Such an equipment has 
been demonstrated at this year’s Physical 
Society Exhibition, on the N.P.L. stand. 
Yours faithfully, 
R. W. WILDE, 
The Staveley Research Department, 
Bedford. 


A Variable Time Delay Recording/ 
Reproducing System Using Magnetic 
Tape 

Dear Sir.—Normal magnetic tape time 
delay systems rely on a measured length 
as an analogue of the delay required, the 
length being variable if required. This is 
convenient for short delays, but is diffi- 
cult to implement in very long delay 
systems, in which the delay is required 
to vary over the whole range. A possible 
system (Fig. 1) uses the alternative of 
counting the number of pulses between 
the record and replay heads and compar- 
ing this number with an input number 
which is proportional to the delay 
required. 

One track of the record head is 
supplied from the pulse generator with a 
train of pulses, which are also stored :n 
an accumulator, The replay head of the 
same track subtracts the pulses from the 
accumulator; a balance is therefore set 
up which is a measure of the number of 
pulses between the two heads, or the 
delay. Comparison of this number with 
the delay demand will give sense and 
speed to the servo system and cause the 
replay capstan to adjust to the correct 
delay time by rotation added or sub- 
tracted through the differential. 

Yours faithfully, 
C. DAIN, 
E.M.I. Electronics Ltd., 
Hayes, Middlesex. 


Fig. 1. 
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The Magnetic Drum Store of the 
* Mercury ’ Computer 
Dear Sir,—I read with interest the 
article by K. I. Turner and J. E. Thomp- 
son which appeared in the January 1960 
issue. The description of the discriminator 
circuit in Fig. 8 was somewhat confusing 
however, since no explanation was given 
of the semiconductor diodes connected 
across one half of both transformer 
secondaries. The reference given for the 
circuit (Millman, J., Taub, H. Pulse and 
Digital Circuits) makes no mention of 
these diodes and their use is not apparent 
from the schematic. Furthermore it would 
seem more advantageous to employ semi- 
conductor diodes for the sampling diodes 
as well because of the lower voltage 
drops encountered. Could the authors 
clarify this point. 
Yours faithfully, 
E. L. Soonoo, 
Beverley, New Jersey, U.S.A. 


The Authors Reply : 

Dear Sir,—We apologize for any con- 
fusion that we may have caused by omit- 
ting to mention the diode referred to. 
This in fact does not form part of the 
discriminator circuit as descrited by 
Millman and Taub but is part of the 
mechanism whereby the required strobe 
is produced. As stated in the article, this 
strobe is made by means of a transformer 
with low primary inductance and the 
diode acts as an asymmetric damping 
resistor for this. 

Without this diode the circuit values 
are such that on turning off current in 
the primary the transformer would ring 
with a period of approximately 2usec. 
The diode is connected in such a way 
that the initial pulse will bias it in a 
non-conducting direction. During the 
second half cycle, however, the overswing 
will cause the diode to conduct thus re- 
flecting the low impedance into the pri- 
mary and rapidly damping out any 
further cycles of oscillation. The diode 
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also operates in the same way to prevent 
the formation of strobe pulses of the 
wrong polarity when turning on current 
in the primary. 

With regard to the second point raised 
it was found necessary to employ ther- 
mionic diodes in the discriminator because 
of the high impedance of the associated 
circuits, In fact, the voltage drop is no 
great difficulty and the actual circuit used 
employs a thermonic diode to give the 
necessary high back impedance in series 
with a point contact diode which reduces 
the coupling due to the capacitance of 
the thermionic type. 

Yours faithfully, 
K. I. TURNER AND 
J. E. THOMPSON, 
Ferranti Ltd, Manchester 


Reducing Ripple in Stabilized 
Supplies 
Dear Sir,—lI read with great interest 
Mr. Potok’s letter in the August 1959 
issue. I myself studied and elaborated the 
problem of ripple reducing transistor 
circuits, but my results, calculated and 
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1. (a) Basic circuit approximation 
(b) Equivalent circuit of (a) 





Fig. 2. Thevenin equivalent of the circuit in 
Fig. 1 


measured, seem in some respects better 
than those of Mr. Potok. 

The basic circuit and its equivalent is 
shown in Fig. 1. 

To a first approximation suppose that 
capacitance C is so large, that the a.c. 
voltage in the base of the transistor is 
negligible. In this way one obtains a 
common-base circuit, which is driven by 
voltage V. in the collector. Now examine 
voltage in the emitter loaded by Ry. 

The simplest way of calculation is to 
use the common-base A parameters: 


Ve =h,, 1. + hiV- 
I. = Rule + |e A 
and 
V. oe (3) 


Substituting equation (3) into equation 
(1), 
V/V, 


= 1/h,, (1 e 1/h,, 


. (4) 


and because the value of h,, lies between 
10-* and 10-* depending on the type of 
the transistor, the ripple will be reduced 
by 60 to 80dB. 


+ (h,,/Ry)) 
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The Thevenin equivalent of the circuit 
is illustrated in Fig. 2. 

Effecting mow the exact calculations 
and regarding the ripple in the base due 
to voltage source AV,, which has an out- 
put admittance Y, this circuit and its 
Thevenin equivalent is shown in Fig. 3. 
where 


YOA—hA,, 1 +A,,’ 
.. = my + ( 12 I a1) 





,, YA-A,,I+h,,) 
Y, =h,,’ + ect Xoo 


and h’—s represents the common-emitter 
h parameters. 

The circuit tried out was built with a 
Telefunken transistor, type OD603. The 
d.c. supplied was 800mA, the a.c. voltage 
in the collector was about 250mV and in 
the emitter below 0°-3mV. 


Zou = % 


lal 





(b) 
Fig. 3. (a) Exact ripple reducing circuit 
(b) The Thevenin equivalent 


The circuit used is shown in Fig. 4. 
When calculating \ and Y, the follow- 
ing values are obtained: 
—A\ =~ 10-3 
Y = j0:314 mho (f = 50c/s) 


=— 800m 
— 





| 1av 





T 1O00pF 
= % O+ 


Fig. 4. The final circuit 


Substituting these into equations (5) 
and (6) gives about 10°—i.e. 60dB— 
reducing of ripple and hum in accord- 
ance with the measured values. 

In my opinion this result differs from 
that of Mr. Potok, since he obtained a 
ripple reduction of A(h,,’) and this is only 
20 to 30 with usual intermediate power 
audio transistors. 

Yours faithfully, 
P. May, 
Institute for Electrical 
Power Research, 
Budapest, Hungary. 


The Correspondent Replies : 
Dear Sir,—Mr. May appears to have 
misunderstood my letter. What I was 
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concerned with was reduction in ripple of 
an existing supply. If one has a supply 
with too much ripple one proceeds to 
filter it out, A simple form of such a filter 
is an RC network with large C across the 
load. The ripple across the load will then 
be equal to the current through multi- 
plied by the impedance of the capacitor. 
If the RC network were replaced by a 
transistor with the same capacitor in the 
base, then the current through C would 
be reduced £ times and so because of the 
low output impedance of an emitter- 
follower the output ripple will be reduced 
8 times as compared with the simple filter 
network. The trouble with Mr. May’s 
circuit—which is not new—(vide the last 
paragraph of my letter and one of the 
references I mention there) is that it 
requires such a large time-constant, It is 
satisfactory to use a 10H choke and 
1 0004F capacitor for a 12V supply, but 
this is not the case for a 2 000V or even 
a 300V supply. Finally, I did not make 
it clear in my letter because it seemed 
self-evident that when using two tran- 
sistors cascaded the improvement will 
tend towards f?, ie. for B = 30 total 
improvement = 900, not far short of Mr. 
May’s 1 000. 
Yours faithfully, 
M. H. N. Porox, 
Royal Military College of Science, 
Shrivenham. 


A Transistor-Thermistor Feedback 
Quadrature Suppressor 


Dear Sir,—The equipment described 
in the article by Hutcheon and Harrison 
in the February issue runs on parallel 
lines to a device which has been in use 
for some years in this Company’s Labora- 
tories’. 

Here transistor thermistor feedback loops 
are used to obtain automatically the dyna- 
mic balance of transducer bridges when 
plotting the response to vibration in air- 
craft structures. In tests involving a multi- 
plicity of transducers, the device enables 
switching to any transducer without the 
need for the manual adjustment of ‘ in- 
phase’ and ‘ quadrative’ balance. 

Basically, in the dynamic condition 
the transducer output is a balanced 
carrier-suppressed signal with an error of 
the ‘in-phase’ component due to mis- 
balance of the transducer, and a ‘ quadra- 
tive’ component due to pick-up, phase 
shift in the transducer etc. 

This signal is amplified for eventual 
display, is further amplified and squared 
in a diode limited amplifier and is then 
fed to two gates, one operated at 20° 
and the other 290° to the carrier signal. 

From the Z0° gate comes blocks of 
square waves of one sign during positive 
excursions of the transducer and of oppo- 
site sign during negative excursions. These 
are integrated in the thermistor heater, 
and the magnitude of the resultant signal 
is a function of the misbalance of the 
transducer. 

From the 290° gate each cycle of the 
carrier gives a signal which is a func- 
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tion of the phase difference between the 
transducer signal and the carrier. When 
integrated a signal of the mean phase 
difference over a cycle of the excitation 
frequency results. 

The thermistors are arranged in arms 
across the two carrier phases and the 
resultant signal added to the transducer 
output in the primary of the amplifier 
input transformer. 


Yours faithfully, 
W. A. WINTER, 
Bristol Aircraft Limited, 
Bristol. 


REFERENCE 


1. Bristol Aircraft Limited, 
Laboratories Memo. 51. 


Instrumentation 


The Authors Reply : 


Dear Sir,—We have been very inter- 
ested to hear of the system described by 
Mr. Winter in which two thermistor 
devices suppress the in-phase and quadra- 
ture components of an a.c. carrier signal 
(but do not follow rapid variations in the 
in-phase component). 

In our own application, only the 
quadrature component is suppressed by 
a thermistor device, while a self-balanc- 
ing recorder displays variations of the 
in-phase component, which represents a 
physical variable such as fluid flow. 

We do not, of course, lay any claim 
to initiating the use of thermistors for this 
sort of purpose and, in fact, one such 
application is described in Ref. 1 of our 
LEE. paper (i.e. Control Engineers Hand- 
book Section 6.1.8. p. 77). We are, 
however, quite pleased with our circuit 
arrangement in which a third thermistor 
compensates for the effect of temperature 
changes on the two main thermistors and 
on all the transistors in the amplifier. 


Yours faithfully, 
I. C. HUTCHEON AND 
D. N. HARRISON, 
George Kent Limited, 
Luton, Beds. 


Correction 
In the Letter to the Editor by A. Goral 
on page 309 of the May issue the equa- 
tion immediately below equation (2) 
should read: 
B, + By _ 
N/I (Ip — In) 
In equation (3) Sy is in Oe sec not 
Oe sec~' as printed. In equation (4) o~* 
and in equation (5) w* should read 10-* 
and 10° respectively. 


= SB/SH 


Correction 

The left-hand side of equation (7) was 
printed incorrectly in both the article 
‘Fast Counting Circuits Using EIT 
Tubes’ by V. Radeka, in the February 
issue, and the correction in the April 
issue. This should read: 


AR scaled es) 
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BOOK REVIEWS 


Laplace Transforms for Electronic 
Engineers 
By J. G. Holbrook. 208 pp. 170 Figs. , aw 
Svo. Permagon Press Lid, New York. London 
1959. Price 50s. 
BOOK on a branch of mathematics 
by an engineer for other engineers 
is usually very useful and sometimes very 
good. This one is both and will appeal 
to a large number of engineers and 
physicists. 

The reviewer found it exceedingly in- 
teresting and enlightening. The field of 
applications of Laplace transforms is 
quite new to him and by the end of the 
book he felt that he knew why electrical 
engineers find them so useful. The 
examples given are chosen carefully for 
their simplicity and general utility. It 
was enlightening that Dr. Holbrook pre- 
sents these transforms in the traditional 
manner of mathematicians, using com- 
plex variable, and takes great pains to 
ensure that his readers were keeping up 
with him. The reviewer does not know 
whether engineering students approve of 
this manner of presentation but it does 
link together many strands in mathe- 
matical analysis, Laplace transforms, 
Fourier series and complex variable, and 
he is sure that the author is right. 

It used to be difficult to convince 


teachers that the differential and integral 
calculus were necessary yet now the cal- 
culus is taught in the fourth forms at 


school. Now it is not easy to convince 
them that Laplace transforms are neces- 
sary for engineers, but there is no doubt 
that, given a clear introduction, they can 
be explained very easily in an electrical 
engineering course. 

The author writes in a friendly and 
leisurely manner, as in older text books 
before the demand for maximum infor- 
mation in minimum space became an 
ebsession with readers and publishers. 
He tells us not to read more than one 
section (of about three pages) each day, 
a suggestion which opens up all sorts of 
speculation. If each of us reads three 
pages a day of such books for each day 
of our lives, and remembered what we 
read, clearly we should by now be very 
well read in a limited field; but our 
book-shelves would be nearly empty. 
Would Pergamon Press approve? 


G. J. KyNcH 


Transistoren 

By J. Kammerloher. + as 97 oa Demy 8vo. 

Cc. F. Winter’sche juag, ussen. 

1959. Price “Da 15,60. 

HIS small book, or rather mono- 

graph, gives a concise and to-the- 

point elementary introduction to tran- 
sistor circuits. 

The work is obviously intended to be 

used by junior engineers and students who 

have, perhaps, no higher qualifications 
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than the equivalent of an _ ordinary 
national certificate. It cannot be claimed 
that any explanations are given, which 
will enable the reader to understand the 
action of transistors, nor can the book 
be described as a textbook, but rather 
as a guide to the application of tran- 
sistors. 

The initial chapters deal with the tran- 
sistor characteristic curves and various 
aspects of transistor applications in ampli- 
fiers using the characteristic curves as 
qualitative design guides. This method is 
extended to the derivation of transistor 
equations for small signals connecting 
current and voltage. 

Current, voltage and power amplifiers 
as well as input and output matching are 
then treated in an elementary quantitative 
way. 

The A-parameters are then introduced 
and there follows a simple but fairly com- 
prehensive description of a great variety 
of transistor applications in grounded 
base, emitter and collector circuits, stabi- 
lization, feedback, etc. 

The final third of the book deals with 
many aspects of complete amplifiers using 
several stages of transistors, calculation 
of coupling transformers, power ampli- 
fiers and push-pull circuits, etc. Finally, 
noise in transistors and its significance in 
small signal amplifiers is described. 

In all these matters the text is simple, 
concise and illustrated by many numerical 
examples. 

The book will certainly enable many 
junior engineers to use a_ better-than- 
empirical approach to the application of 
transistors. 

Unfortunately, apart from the language 
difficulty, the German habit of using 
Gothic characters for vector quantities is 
also used in this book, and this makes the 
printed equations look unfamiliar and 
more complicated than is necessary. 

An equivalent work in English language 
and print would be highly desirable. 


K. Hose.itTz 


Handbook of Automation, Com- 
putation and Control, Volume 2 


nee by E. M. Grabbe, S. Ramo and D. E. 

ec. 1033 pp. 416 Figs. Medium 8vo. 

Jone Wiley & Sons Inc., — York. Chapman 
& Hall Ltd, London. 1959. Price 140s. 


OLUME 1 of this three-volume 

work was well received on its 
appearance in this country last year, and 
dealt, under the general title of “Control 
Fundamentals” with the mathematical 
background to the design and use of 
computing and control equipment. The 
present volume is sub-titled “Computers 
and Data Processing” and, although 
reference is naturally made to the topics 
treated in Volume 1, it may be regarded 
as a completely independent handbook. 
The forty-one contributors include, apart 
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from the three editors, some other dis- 
tinguished names in American electronic 
engineering. 

Any handbook dealing with a rapidly 
developing subject must effect several 
compromises. Speed of production, 
allowing coverage of recent develop- 
ments, conflicts with careful editing for 
accuracy and avoidance of duplication or 
omissions. Detailed information on speci- 
fic equipments can become useless pad- 
ding in a short time as the equipment 
is superseded, and there is always the 
problem of relative emphasis of the 
treatment of a wide variety of topics in 
a limited total space. 

The present book is not immune from 
criticism on any of these grounds. Many 
errors have been noted which could 
have been eliminated by more checking 
(for example, an incorrect decimal- 
binary conversion in Chapter 2, and a 
figure in Chapter 15 where caption and 
associated text disagree). All these, how- 
ever, are errors of detail rather than of 
substance and will not mislead the 
reader. 

Chapter 2, by far the longest in the 
book, includes a lengthy and advanced 
treatment of programming in terms of 
“forming a correspondence between the 
original problem functions and _ the 
machine functions, and between the 
problem operator and the machine 
operator.” While such a treatment pro- 
vides a formal basis for consideration 
of automatic programming processes, 
few readers will agree that such a lengthy 
section should appear in a general work 
of this nature. For other reasons, the 50 
or 60 pages devoted to the detailed order 
codes of nine machines (eight American 
and one Russian, nearly all machines now 
obsolescent) could also perhaps have 
been better used. For example, the elec- 
tronic engineer will feel that more than 
the two pages allowed could have been 
justified for a fuller discussion of capa- 
citor-diode and ferro-electric storage, 
super-conductive devices, the twistor and 
the parametron. Similarly the sections on 
transistor circuits give undue attention 
to surface barrier and even point con- 
tact types rather than to the much more 
widely used junction types. 

These however, are detailed criticisms 
of a book which gathers together a 
wealth of information on most aspects 
of digital and analogue computing de- 
vices (including useful sections on 
mixed systems and digital differential 
analysers). Very adequate references are 
given in most chapters to supplement the 
text itself and there will be few workers 
in any way associated with computing 
systems who do not find the book a 
valuable addition to their reference 
shelves. 


C. D. HaLey 
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Physics and Electronics in Physical 
Medicine 
© 4 See ut SME Oe 
ITH the increasing application of 
Physics and Electronics in medical 
practice, there is a need for an elemen- 
tary book to explain the principles of 
the subject and to show the relationship 
between the two disciplines. When one 
considers the number of text books 
necessary for studying any one of these 
subjects, it is obvious that such a book 
cannot give the reader a full understand- 
ing of each. The primary object of the 
author has been to produce a text book 
suitable for Physiotherapists studying 
for the examination of the chartered 
society and for postgraduate students 
reading for the Diploma in Physical 
Medicine of the Royal College of 
Physicians and Surgeons. 

The basic principles of physics are 
covered in some detail and are explained 
in a very clear and concise manner. The 
reader will particularly appreciate the 
principles being given in conjunction 
with their medical applications. The 
principles of electronics are given 
briefly and although probably adequate 
for the student, would need to be given 
in more detail for the worker in medical 
physics. The multivibrator is described 
in some detail but no mention is made 
of the monostable or bistable conditions 
which are as widely used. Basic tech- 
niques commonly used in Physical 
Medicine such as the cathode follower 
and the rejection of interfering signals 
could have been explained in more 
detail. Had the standard definition of 
frequency bands been used rather than 
the medical interpretation the anoma- 
lous term ‘High frequency long wave 
diathermy’ could have been avoided. 

The bibliography has adequate refer- 
ences to Physical Medicine, But could 
have been supplemented with recom- 
mended text books for further study of 
the basic subjects described. 

The main object of the author has 
certainly been achieved and in addition 
the book should be of value to those 
interested in medical physics who do 
not wish to make an intensive study of 
the subject. 

W. J. PERKINS 


Millimicrosecond Pulse Techniques 


By I. A. Lewis and F. H. Wells. 417 pp. 195 
Figs. Demy 8vo. 2nd Edition. Pergamon Press 
Ltd, New York. London. 1959. Price 50s. 


hie reviewer had the pleasure of re- 
viewing the first edition of this book 
in 1954. During the intervening years the 
work has become widely appreciated, so 
that now it is considered required read- 
ing in many laboratories engaged on fast 
pulse work. The second edition, con- 
siderably expanded to include new 
developments, is therefore most welcome. 

It is inevitable that a book which leans 
heavily towards the review approach 
should treat some aspects of the sub- 
ject in a superficial manner. While this 
criticism would scarcely be levelled 
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against the chapters on transmission lines 
and transformers, the reader may often 
puzzle as to the detailed operation of 
certain of the circuits which appear in 
the later sections. Often the circuit treat- 
ment is superficial and non-critical. How- 
ever, the authors are to be particularly 
commended on the exhaustive reference 
section. Not only does this provide a 
comprehensive literature source for the 
serious worker, but it enables the reader 
to make reference to the original paper 
should he require a more complete 
treatment. 

As the authors correctly predict, semi- 
conductor devices are destined to make 
important contributions to fast pulse 
techniques. Indeed, the transistor trigger 
circuit is now faster, in general, than 
its vacuum tube counterpart. The 
avalanche transistor switch may well be 
surpassed in speed by the diffused-base 
mesa transistor which, in turn, may give 
way to the tunnel diode. Both the tun- 
nel diode and the parametric amplifier 
offer interesting wide-band amplifier pos- 
sibilities. It is scarcely fair to expect the 
authors to have included all the advances 
mentioned above, for some of them re- 
main active research projects. Yet, in 
view of such significant activities, the 
treatment of semiconductors must be re- 
garded as slight. 

All in all there can be 
to the value of this new edition of 
“Millimicrosecond Pulse Techniques.” 
It carries on the worthy tradition of its 
predecessor and should continue to be 
the standard reference on the subject. 


N. F. 


no doubt as 


Moopy 


Masers 


By G. Troup. 146 pp. 20 Figs. Foolscap Svo. 
John Wiley & Sons ise. New York. Metheun 
& Co. Ltd, London. 1959. Price 13s. 6d. 


HE title of this book is the abbre- 

viated form used for the devices 
employed in obtaining Microwave 
Amplification and Oscillation by Stimu- 
lated Emission of Radiation. 

A discussion of the stimulated emis- 
sion process is followed by an outline 
of methods used to obtain the necessary 
conditions for amplification. The effects 
of various physical processes upon 
amplifier efficiency and upon the effec- 
tive frequency response of a molecular 
transition used to amplify are described. 
Derivations of the gain, bandwidth, and 
noise factor of the travelling-wave line 
type of stimulated emission amplifier and 
of the resonant cavity type of amplifier 
are also given, together with a review of 
the experimental work on ‘ masers’ and 
a comprehensive bibliography. 


Crystal Growth 


365 pp. 195 figs. Medium S8vo. 2nd Edition. 
Butterworths Scientific | cman 1959. Price 
60s. 


HIS general discussion of the Fara- 

day Society was first published in 
1949. It has been out of print for a long 
time and has been reprinted in response 
to the many requests received by the 
Faraday Society. 


EE 22276 for further details 
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Just Published 


Microminiaturization 
of 
Electronic 


Assemblies 


Proceedings of the Symposium held 
at Diamond Fuze Laboratories, 
October 1958. 


Edited by 
ELEANOR F. HORSEY 
LAURENCE D. SHERGALIS 
A Reinhold Book 88s. net 
-* 


Master 
Receiving-Picture 
Tube Substitution 

Guide Book 


by 
H. A. MIDDLETON 


A John Rider Book 60s. net 


37 ESSEX STREET, LONDON, W.C.2 




















Stereo Handbook 


By G. A. Briggs. 146 pp. 88 figs. Demy &vo. 
Wharfedale Wireless Works Limited, Bradford. 
1959. Price 10s. 6d. 


HIS book, which has been aug- 

mented by contributions from R. E. 
Cooke, N. H. Crowhurst, S. Kelly, C. E. 
Watts and R. L. West, is non-technical 
throughout and is intended to help the 
amateur to understand stereo and its 
applications. Maximum space has been 
allocated to pick-ups, loudspeakers and 
recording techniques in that order of 
importance. 


Elsevier's Telecommunication 

Dictionary (in six languages) 
By A. Visser. 1011 pp. Mediom 8vo. D. Van 

Nostrand Company Ltd. 1960. Price 147s. 

N the technical dictionary published in 

1955 by the Netherlands General Post 
Office for its own staff, Dutch was used 
as the basic language. In the present 
edition, however, English has been 
chosen as the basic language. All terms 
used in the telecommunication world 
can be found in the basic table arranged 
on an English alphabetical basis. The 
equivalents in French, Spanish, Italian, 
Dutch and German are then given. Fol- 
lowing this basic table are lists for each 
language, each word being keyed to the 
basic table so that the user can find the 
equivalent term in English and all the 
other languages. The system of thumb- 
indexing adopted makes it easy to find 
any language at once. 
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Grun und Anwendungen der 
tionstheorie 


orma 
yey and Applications 
of the Information Theory) 
Bro. “ipeinger Verlag. Berlin” 1960. Price DMBS. 

NFORMATION Theory is a very 

young but lusty child: just how lusty 
is indicated by the appearance of this 
book, because it is the first volume of 
a new series on Cybernetics modelled 
on the famous “yellow series” Grundleh- 
ren der mathematischen Wissenschaften. 
This new series is bound in a distin- 
guished looking grey cloth and, like the 
yellow series, published by the Springer- 
Verlag; the book is, accordingly, 
superbly printed and handsomely pro- 
duced, and the price is just over 8 gns. 

The editor of the series is also the 
author of this first volume. He collects 
and presents material from very many 
widely dispersed sources, the majority 
of which are in English and more easily 
accessible to the readers of ELECTRONIC 
ENGINEERING than to those at whom the 
book is aimed. 

The presentation makes much use of 
mathematical formulation, but the 
mathematics is descriptive rather than 
deductive, and the reader is not expec- 
ted to follow any deep mathematical 
reasoning. Ample references help him 
to find a more thorough treatment if he 
has the taste for it. 

About half the book is concerned 
with those ramifications and applications 
of the theory that deal with the sense 
organs and their réle in communication. 
It is in this field that the author’s own 
original contributions have been made, 
and this is perhaps the most rewarding 
part of the book. An auspicious begin- 
ning to a brave new venture. 


B. H. NEUMANN 


Principles of Frequency Modulation 
By B. - ml Conte. 7 fw yf -aog 8vo. 
HE author of this book states in the 
preface that he is writing ‘primarily 
for students, radio engineers and radio 
amateurs’. The term ‘engineer’ is unfor- 
tunately used as an umbrella to shelter 
a wide variety of people and here it 
appears to mean radio servicemen; cer- 
tainly the professional radio engineer 
will find nothing of value to him in this 
‘popular’ account of the principles and 
applications of frequency modulation. 
There are, in effect, six chapters cover- 
ing basic principles, noise and _ inter- 
ference, generation and detection of f.m. 
signals, the v.h.f. receiver and non-broad- 
casting applications. The last chapter 
deals very superficially with f.m. applied 
to radar, telegraphy and _ facsimile. 
Chapter 2 on the principles of f.m. 
shows some of the difficulties in trying 
to appeal to the student and amateur 
at the same time. The difference 
between the amplitude-modulated carrier 
(A(1+m cos pt) cos wt) system and sup- 
pressed-carrier (Amcospt.coswt) system 
is heavily underlined and yet a few 
pages later Bessel functions are intro- 
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duced. A modulation factor m is used 
to multiply maximum deviation fre- 
quency in order to indicate any inter- 
mediate value of modulation but the 
similarity to amplitude modulation 
factor is not pressed home so that its 
point is lost. It also leads to the use of 
the term deviation ratio for the ratio of 
maximum deviation to modulating fre- 
quency with no statement as to whether 
the modulating frequency is maximum, 
minimum or indeterminate. The abscissa 
scale of Fig. 2.8 is named deviation 
ratio but the caption refers to modula- 
tion index. 

The student is again presented with 
more difficulties in Chapter 3 where 
interference from an unwanted carrier 
is defined in terms of peak phase ratio 
but the numerical example (immediately 
following) is quoted in terms of peak- 
frequency deviation ratio. Fig. 4.3b will 
also raise queries in the student’s mind 
for L, is paralleled by L, when in fact 
it should be in series, and he will not 
know what to make of Fig. 5.20 where 
the diode current can apparently be 
reversed by reversing the connexions of 
an electrolytic capacitor across the load 
resistance, 

This book is likely to appeal mainly 
to tne technician who seeks a nodding 
acquaintance with the subject and desires 
a descriptive approach; the serious 
student will find that it raises as many 
problems for him as it solves. 


K. R. STURLEY 


Principles of Optics 


By M. Born and E. Wolf. 803 pp. 365 Figs. 
Crown 4to. eee * a Ltd. 1959. Price 


= is a new book incorporating the 
results of recent advances in classical 
theory and is not a translation of the 
earlier book in German by M. Born 
entitled OPTIK, although the aim has 
been retained of presenting optics deduc- 
tively as a system based on Maxwell’s 


equations. It deals with those optical 
phenomena which can be described with 
the aid of a continuous distribution of 
matter and, inside this frame, gives a com- 
plete picture of the present knowledge of 
optics. 


Progress in Dielectrics 


Edited by J. B. Birks. 225 pp. 73 Figs. Royal 
8vo. 2nd Edition. Pn ta & Co. Ltd. 1960. 
rice : 


HE stated object of this series is to 

co-ordinate current knowledge of di- 
electric phenomena, materials and tech- 
niques and to review recent progress. It 
is intended to serve the needs of anyone 
with an interest in dielectrics, whether 
it be from the electrical engineering 
angle or from the point of view of the 
chemist concerned with manufacture. 
Review papers of the type presented in 
a volume of this kind are invaluable in 
that they provide a convenient guide to 
the ever increasing literature. It is 
obvious that the authors of such papers 
must remember that their readers will 
not in general be specialists in the sub- 
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ject being discussed and that adequate 
background material must be provided. 
Judged from this standpoint, the pre- 
sent volume is admirable and all the 
papers should be intelligible to the 
average electronic engineer. Much of the 
material is at a level appropriate to a 
text book and this will undoubtedly 
make the book useful to the wide range 
of readers at which it is aimed. 

The first paper gives a concise sum- 
mary of the theory of polarization and 
absorption in dielectrics and provides 
an excellent introduction to this subject. 
Particular attention is given to the ther- 
modynamical aspects. Three papers deal 
with specific materials, polymers, glass 
and high permittivity ceramics. All of 
these materials have applications in the 
electronic field, the last group being of 
rapidly increasing importance in provid- 
ing compact capacitors. Each of these 
papers deals with dependence of the di- 
electric properties on the chemical struc- 
ture and makes excellent reading for the 
electronic engineer who wishes to know 
the reasons for the properties on which 
he relies. A further paper deals with the 
effects of irradiation on polymers, again 
a subject of practical interest in that 
irradiated polythene is becoming increas- 
ingly used as a dielectric when the possi- 
bility of temperatures above 100°C has 
to be considered. The final contribution 
surveys the properties of artificial di- 
electrics as used in microwave lenses. 

The first volume of this series has 
been well received and the present one 
maintains the same standard. The papers 
are sufficiently authoritative and sup- 
ported by comprehensive bibliographies 
to be of value to the specialist and also 
of sufficient clarity to satisfy the general 
reader. 

J. BROWN 


~ 
Microwave Data Tables 
By A. E. Booth. 61 pp. Crown 4to. lliffe & 
Sons Limited. 1959. Price 27s. 6d. 

HIS book comprises a collection of 

accurately computed tables which 
are primarily intended for use by engin- 
eers and scientists engaged in research 
and development work involving wave- 
guides and similar transmission lines. 
Twenty-six tables are included, with over 
23 000 calculations which were carried 
out on an electronic digital computer to 
at least one more figure than in the tables 
themselves, thus ensuring their accuracy. 
All the independent variables are 
measurable quantities and are given to 
the limit of measuring accuracy, while 
the dependent variables are given to one 
more figure than would be required for 
most practical purposes. Guide wave- 
length tables are given for nine sizes of 
rectangular waveguide and two sizes of 
circular waveguide—the choice of sizes 
being directly influenced by current 
usage. The velocity of light used in the 
calculations is the most recently accepted 
value. The mathematical basis of all for- 
mulae used in the computations is stated 
and comprehensive notes on the use of 
the tables are included. 
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Short News Items 


Gresham Transformers Ltd, Han- 
worth, Middlesex, have just built what 
is believed to be the world’s largest 
electro-magnetic control system or 
transductor. This equipment, which 
weighs over twenty tons, will be used 
in conjunction with germanium recti- 
fiers manufactured by Westinghouse 
Brake and Signal Co. Ltd, to control an 
output current of 12 000A. It is to be 
used for research work in Holland. The 
value of the order is £17 500. 


The United Kingdom and the United 
States have begun co-ordination of their 
time and frequency transmissions. The 
purpose of this synchronization is to 
provide a uniform system of time and 
frequency transmissions, which is needed 
in the solution of many scientific and 
technical problems in such fields as 
radio communications, geodesy, and the 
tracking of artificial satellites. Partici- 
pating in the project are the Royal 
Greenwich Observatory, the National 
Physical Laboratory, and the Post Office 
Engineering Department in the United 
Kingdom, and, in the United States, the 
U.S. Naval Observatory, the Naval Re- 
search Laboratory, and the National 
Bureau of Standards. This programme 
follows previous co-operative efforts of 
these agencies to achieve uniformity and 
simplification in procedures. The follow- 
ing time signal services are involved: 
UK. 

Rugby GBR 16kc/s 

Rugby MSF 2:5, 5 and 10Mc/s 60kc/s 
USA. 

Beltsville WWV 2-5, 5, 10, 15, 20, 25Mc/s 

Canal Zone NBA 18kc/s 

Hawaii WWVH 5, 10, 15Mc/s 
Co-Ordination began in January. It is 
expected that by the end of 1960 the 
time signals from all the participating 
stations will be emitted in synchronism 
to the thousandth of a second. Such 
accuracy has been needed for some time 
in tracking artificial satellites on a 
world- wide basis. 


The Department of Nuclear Science 
and Technology of the Royal Naval 
College at Greenwich, which was set up 
last year to meet the Navy’s require- 
ments for nuclear trained officers has 
now equipped its laboratories with a 
sub-critical reactor and a pulsed neutron 
generator marketed by Miles Hivolt and 
based on a design produced by Birming- 
ham University Physics Department 
with the assistance of the Department of 
Scientific and Industrial Research. The 
nuclear courses at the College are of 
post-graduate standard and the equip- 
ment will enable a wide range of nuclear 
physics experiments and research to be 
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carried out by the advanced course stu- 
dents and staff. 


Ultra Electronics Ltd is to sponsor 
two University scholarships. One, a two- 
year research scholarship for an honours 
graduate in Engineering, is available for 
the term commencing next Autumn. The 
second scheme is an _ undergraduate 
sandwich course. This is open to stu- 
dents who pass advanced level G.C.E. 
this summer and who are accepted by 
a University for enrolment in the 
autumn of 1961 to read electrical engin- 
eering. The student will complete one 
year in the Engineering Department of 
Ultra Electronics Ltd before taking his 
University course and will return for a 
similar period afterwards. 


The Signals Research and Develop- 
ment Establishment are arranging to 
hold a Battery Symposium at The 
Pavilion, Bournemouth on October 18- 
20 this year. About 25 papers will be 
presented covering a wide field of sub- 
jects concerned with Research, Develop- 
ment and Application of Battery 
Systems. Further details can be obtained 
from Mr. F. C. Wells S.R.D.E. Somer- 
ford, Christchurch, Hants. 


The British Computer Society is hold- 
ing its Second Annual Conference at 
the Sun Pavilion, Harrogate on July 
4-7, 1960. Abstracts of the main papers 
will be available at the Conference. 
Requests for application forms should 
be made to Miss D. E. Pilling, The 
Electronic Computing Section, The Uni- 
versity, Leeds 2, Yorkshire. 


The National Physical Laboratory 
announces that the name of the Control 
Mechanisms and Electronics Division is 
to be changed to the Autonomics Divi- 
sion. The word ‘Autonomics’, meaning 
‘Self governing’, is particularly apt as a 
description of the new types of device 
that the Division aims to develop. The 
Division already has an extensive record 
in the field of automatic control and in 
pioneering digital computers, but now 
that industry has adopted these tech- 
niques, research has moved forward into 
new fields. Existing machines are deter- 
ministic in that their behaviour can be 
predicted from their design and their 
environment. Conversely they can be 
designed only after a detailed mathe- 
matical analysis of the factors involved. 
By working closely with biologists in 
studying the methods which living phy- 
sical systems use to achieve control, the 
newly named Autonomics Division 
hopes to discover underlying principles 
of machines which can improve their 
own performance can be built. The 
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autonomic devices of the future will be 
self-governing machines which discover 
for themselves how to recognize, how 
to translate and how to control. 


Hatfield Technical College, Herts has 
now received official confirmation from 
the National Council for Technological 
Awards that it has recognized Hatfield 
for the conduct of courses leading to 
the Diploma in Technology. The courses 
so far approved are in Aeronautical 
Engineering and Electrical Engineering, 
and students studying these subjects at 
the college in sandwich courses will 
eventually qualify for the award of Dip. 
Tech. (Eng). 


Ferranti Ltd, Edinburgh and Bendix 
Aviation Corporation of America have 
concluded an agreement for the sale 
in the U.S.A. of the Ferranti systems 
of machine tool control. These systems 
are the transistor-hydraulic continuous- 
path machine tool control equipment, 
numerical position control equipment 
and inspection machines. Bendix will 
also market and service the British built 
systems throughout the U.S.A. and will 
set up a computer centre initially in 
Detroit to supply magnetic tapes for this 
equipment. The inspection machine which 
will be exhibited at the forthcoming 
British Exhibition in New York utilizes 
transistorized electronic counting circuits 
and optical measuring gratings to inspect 
machined parts to an accuracy of 
0-00lin. The operator has under his con- 
trol an inspection probe with inter- 
changeable tips suitably shaped to 
locate at any point on a machined part. 
This probe is supported from a rigid 
cantilever beam projecting over the 
work table and is free to move over the 
length and breadth of the table. Move- 
ment of optical gratings attached to 
both longitudinal and transverse axes 
of the machine create a Moiré fringe 
pattern that activates photocells. Changes 
in light intensity are converted into 
pulses that are stored by transistorized 
bi-directional decade counters. 


Royston Instruments Lid, of Byfleet, 
Surrey and Lockheed Aircraft Services 
Ltd, of Ontario, California have signed 
a joint marketing agreement for the 
Midas range of Magnetic Tape Data 
Recording equipment. Lockheed Aircraft 
Services have agreed to. handle the full 
range of Midas data recorders and data 
reduction equipment throughout the 
Western Hemisphere and © Australasia. 
This agreement follows closely on the 
Federal Aviation Agency regulation 
requiring all turbine aircraft in the 
United States, flying at heights of over 
25 000ft to carry flight recording equip- 
ment. The new range will supplement 
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the Lockheed Aircraft Services 109C 
flight recorder, already delivered or on 
order for nearly 400 American jet air- 
craft. The LAS 109C was developed to 
meet the FAA mandatory requirement 
for a crash recorder only, and it is able 
to record only on a_ comparatively 
limited scale. Although the Lockheed 
recorder is the cheapest known method 
of meeting the legal requirements im- 
posed by the FAA, the Midas system 
provides a much wider variety of data 
recording and handling equipment and 
is considered to be at least three years 
ahead of anything being developed in 
this field. 


The Benelux Section of the Institute 
of Radio Engineers is to hold an inter- 
national symposium on data transmis- 
sion at Delft, Holland on September 19- 
20, 1960. The symposium will be con- 
cerned with the problems of transmitting 
and receiving information in digital 
form. Particular emphasis will be placed 
on the behaviour of practical communi- 
cation networks—including existing tele- 
phone systems, existing and planned 
military systems, and schemes of the 
future, such as those that use satellites. 
The symposium will be conducted in 
English and papers already promised 
indicate good representation of the work 
being carried on in the U.S.A., as well 
as that conducted in Europe. All corres- 
pondence regarding the symposium 
should be addressed to The Secretary, 
The Benelux Section I.R.E. Postbus 174, 
The Hague, Holland. 


Air Marshal Sir Raymund G. Hart, 
Director, Radio Industry Council, has 
from April 1 taken over the functions 
of secretary to the Council in succession 
to Mr. G. B. Campbell whose duties as 
secretary, Radio Industry Exhibitions 
Ltd, no longer allow time to act in his 
former capacity with the Council. Air 
Marshal Sir Raymund Hart was ap- 
pointed Director, R.LC., in March 1959 
on his retirement from the Royal Air 
Force. 


The British Investment Casters’ Tech- 
nical Association of Sheffield has 
collected from its member companies 
some typical examples of investment 
castings having dimensionally accurate 
and good mechanical properties and of 
particular application to the electronic 
industry. Components produced by the 
investment (lost wax) casting technique 
are being used in a variety of electrical 
and sound reproduction mechanisms. For 
the latter applications permanent magnet 
alloys and materials of highly magnetic 
permeability have been widely used. Sub- 
stantial economics have been effected by 
the adoption of investment castings for 
these applications since the accuracy 
which can be achieved has obviated or 
considerably reduced machining opera- 
tions. The ability to cast to a high stan- 
dard of accuracy is particularly useful in 
the case of alloys which are difficult to 
forge and machine. 
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The BBC’s Orkney V.H.F. sound 
broadcasting station at Netherbutton, 
near Kirkwall was brought into full 
power service on May 2. A directional 
aerial is used giving a maximum effec- 
tive radiated power of 25kW and the 
transmissions are horizontally polarized. 
Orkney receives the three V.H.F. sound 
programmes direct from the BBC 
V.H.F. station at Thrumster, near Wick 
which in turn receives them from the 
V.H.F. station at Meldrum, Aberdeen- 
shire. The new station is expected to 
serve almost the whole of the Orkney 
Islands and the northern part of Caith- 
ness where its coverage will link up with 
that of the BBC’s V.H.F. station at 
Thrumster near Wick, which was 
brought into full power service on 1 
March 1960. The combined population 
coverage of the two stations will be 


approximately 43 000. 


The Transitron Electronic Corporation 
of Wakefield, Massachusetts, announces 
the formation of a European Sales Sub- 
sidiary, Transitron Electronics S.A. The 
headquarters of this company are in 
Zug, Switzerland and it has sales sub- 
sidiary offices in London, Paris and 
Munich with warehouse facilities in 
Amsterdam. The London Office, Tran- 
sitron Electronic Ltd, is located at 
Bilton House, Ealing, London W.5 and 
this company will from now on be 
responsible for marketing the complete 
range of the parent company’s semi- 
conductor and other products in the 
United Kingdom. 


The Institution of Electronics 
(Northern Division) Fifteenth Annual 
Electronics and Instruments Exhibition 
and Convention is to be held at the 
Manchester College of Science and Tech- 
nology on 7 to 13 July, 1960. The Manu- 
facturers’ Section will include an exten- 
sive display of British and Overseas 
Electronic Devices and Instruments and 
the Scientific and Industrial Research 
Section will include displays by the 
Admiralty, the Radio Research Station of 
D.S.LR. (work done on ‘Earth Satel- 
lites’). The Convention will include a 
programme of lectures and film shows. 
Complementary admission tickets and 
copies of the ‘ Preview of the Exhibition 
and Convention’ (post free 6d and avail- 
able from 10 June) and of the ‘ Hand- 
book of the Exhibition and Convention’ 
(post free 3s and available from 1 July) 
may be obtained from W. Birtwistle, The 
General Secretary, The Institution of 
Electronics, 78 Shaw Road, Rochdale, 
Lancs. 


Correction 


It is regretted that in the article ‘ Effect 
of Minority-Carriers on the Dynamic 
Characteristic of Parametric Diodes’ by 
I. Hefni on page 226 of the April issue, 
Figs. 5 and 6 are upside down and should 
read Figs. 8 and 7 respectively, while Fig. 
7 should read Fig. 5 and Fig. 8 should 
read Fig. 6. 


(Pages 389 to 400 French and German Sections) 
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PUBLICATIONS 
RECEIVED 


GUIDE FOR BUYERS has been issued by The 
National Federation of Engineers’ Tool Manu- 
facturers, Light Trades House, Melbourne 
Avenue, Sheffield 10, and gives details of the 
suppliers of British made engineers’ cutting tools 
A feature of the publication is the alphabetical 
list of tools in four languages—English, French, 
German and Spanish Overseas buyers will 
have no difficulty in finding in the Guide the 
names and addresses of British suppliers of all 
types of engineers’ cutting tools. Part 4 of the 
Guide contains an alphabetical list of trade 
marks, trade names and brand names. Price 5s 


EUROPEAN FREE TRADE ASSOCIATION is 
a new F.B.I. booklet which gives a brief his- 
torical background leading up to the signing of 
the Outer Seven Convention and provides a 
commentary of the terms of the Convention 
itself. The booklet sets out objects of the Con- 
vention then deals with the sections covering 
import duties; import quotas definition of 
origin and deflexion of trade, and the escape 
clauses included to safeguard members of the 
Outer Seven in the event of any deterioration in 
their balance of payments of difficulties experi- 
enced in any particular sector of industry. Ap- 
pendices give the basic materials list, details of 
the special provision in the Convention for 
Portugal and a series of charts giving vital 
economic data on each of the member countries 
at a glance. Federation of British Industries, 
21 Tothill Street, London S.W.1 


BTH ESCORT MARINE RADAR is a fully 
illustrated brochure describing the main features 
of ‘ Chart-Plan’ true-course displays, and _ in- 
cluding a technical specification and list of world 
service agents. An important feature of Escort 
Marine Radar is that the operation of its true- 
course generator remains automatic under all 
conditions. Copies of this brochure (publica- 
tion No. 4231-71) may be obtained from A.E.I 
Electronic Apparatus Division, Radar Sales, 
Blackbird Road, Leicester, or any A.E.I. Re- 
gional or District Office. 


THERMAL STRESSES IN LONG PRISMS BY 
RELAXATION METHODS by J. D. Cummins 
is an unclassified article issued by the Winfrith 
Secretariat, Atomic Energy Establishment, Win- 
frith, Dorchester, Dorset, which is available 
from M.S.O. price 7s. Also available from 
the same source at a cost of 6s. is an article 
entitled AUTO-CONTROL EXPERIMENTS ON 
DIDO USING DISCONTINUOUS FEEDBACK 
by L. A . Lawrence, in which experiments on 
auto-controlling the reactor DIDO are described 
and the equipment design discussed in some 
detail. The experiments are carried out to show 
the suitability of an on/off type of control for 
the maintenance of (a) a constant flux level in the 
presence of noise and (b) constant period during 
power change 


*PAXOLIN’ TUBES AND CYLINDERS is a 
revised edition of the booklet published by The 
Micanite and Insulators Co. Ltd, Empire Works, 
Blackhorse Lane, Walthamstow, London E.17 
This pamphlet deals with tubes and cylinders of 
bonded paper grouped according to their 
characteristics into two classes—Paxolin and 
Elephantide. Paxolin is the registered trade 
name for those manufactured by the above 
Company which are classified by the British 
Standards Institution as ‘ Synthetic resin-bonded 
sheets and tu! *. While the information in 
this pamphlet relates chiefly to insulation for 
electrical purposes, the light weight, combined 
with good mechanical properties of Paxolin 
tubes, opens up applications in other fields 


G.E.C VALVES AND CATHODE RAY 
TUBES, 1960 EDITION is a catalogue pro- 
duced by the M.O. Valve Co. Ltd, a subsidiary 
of The General Electric Co. Ltd. Several hun- 
dred devices are listed under some twenty main 
groups and there are many photographic illus- 
trations Additions include a comprehensive 
index, a list of principal overseas distributors, 
and selection charts for some valve ranges. The 
General Electric Co. Ltd, Magnet House, Kings- 
way, London 2. 


VOLTAGE STABILIZATION is a booklet deal- 
ing with the constant voltage transformers 
manufactured by Advance Components Ltd, 
Roebuck Road, Hainault, Ilford, Essex. The 
main function of this static electro-magnetic 
voltage regulator is to provide a constant volt- 
age output from its secondary winding which 
shall be unaffected by changes in the input to 
the primary. 
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the Lockheed Aircraft Services 109C 
flight recorder, already delivered or on 
order for nearly 400 American jet air- 
craft. The LAS 109C was developed to 
meet the FAA mandatory requirement 
for a crash recorder only, and it is able 
to record only on a_ comparatively 
limited scale. Although the Lockheed 
recorder is the cheapest known method 
of meeting the legal requirements im- 
posed by the FAA, the Midas system 
provides a much wider variety of data 
recording and handling equipment and 
is considered to be at least three years 
ahead of anything being developed in 
this field. 


The Benelux Section of the Institute 
of Radio Engineers is to hold an inter- 
national symposium on data transmis- 
sion at Delft, Holland on September 19- 
20, 1960. The symposium will be con- 
cerned with the problems of transmitting 
and receiving information in digital 
form. Particular emphasis will be placed 
on the behaviour of practical communi- 
cation networks—including existing tele- 
phone systems, existing and planned 
military systems, and schemes of the 
future, such as those that use satellites. 
The symposium will be conducted in 
English and papers already promised 
indicate good representation of the work 
being carried on in the U.S.A., as well 
as that conducted in Europe. All corres- 
pondence regarding the symposium 
should be addressed to The Secretary, 
The Benelux Section I.R.E. Postbus 174, 
The Hague, Holland. 


Air Marshal Sir Raymund G. Hart, 
Director, Radio Industry Council, has 
from April 1 taken over the functions 
of secretary to the Council in succession 
to Mr. G. B. Campbell whose duties as 
secretary, Radio Industry Exhibitions 
Ltd, no longer allow time to act in his 
former capacity with the Council. Air 
Marshal Sir Raymund Hart was ap- 
pointed Director, R.LC., in March 1959 
on his retirement from the Royal Air 
Force. 


The British Investment Casters’ Tech- 
nical Association of Sheffield has 
collected from its member companies 
some typical examples of investment 
castings having dimensionally accurate 
and good mechanical properties and of 
particular application to the electronic 
industry. Components produced by the 
investment (lost wax) casting technique 
are being used in a variety of electrical 
and sound reproduction mechanisms. For 
the latter applications permanent magnet 
alloys and materials of highly magnetic 
permeability have been widely used. Sub- 
stantial economics have been effected by 
the adoption of investment castings for 
these applications since the accuracy 
which can be achieved has obviated or 
considerably reduced machining opera- 
tions. The ability to cast to a high stan- 
dard of accuracy is particularly useful in 
the case of alloys which are difficult to 
forge and machine. 
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The BBC’s Orkney V.H.F. sound 
broadcasting station at Netherbutton, 
near Kirkwall was brought into full 
power service on May 2. A directional 
aerial is used giving a maximum effec- 
tive radiated power of 25kW and the 
transmissions are horizontally polarized. 
Orkney receives the three V.H.F. sound 
programmes direct from the BBC 
V.H.F. station at Thrumster, near Wick 
which in turn receives them from the 
V.H.F. station at Meldrum, Aberdeen- 
shire. The new station is expected to 
serve almost the whole of the Orkney 
Islands and the northern part of Caith- 
ness where its coverage will link up with 
that of the BBC’s V.H.F. station at 
Thrumster near Wick, which was 
brought into full power service on 1 
March 1960. The combined population 
coverage of the two stations will be 
approximately 43 000. 


The Transitron Electronic Corporation 
of Wakefield, Massachusetts, announces 
the formation of a European Sales Sub- 
sidiary, Transitron Electronics §.A. The 
headquarters of this company are in 
Zug, Switzerland and it has sales sub- 
sidiary offices in London, Paris and 
Munich with warehouse facilities in 
Amsterdam. The London Office, Tran- 
sitron Electronic Ltd, is located at 
Bilton House, Ealing, London W.5 and 
this company will from now on be 
responsible for marketing the complete 


range of the parent company’s semi- 
conductor and other products in the 
United Kingdom. 

The Institution of Electronics 


(Northern Division) Fifteenth Annual 
Electronics and Instruments Exhibition 
and Convention is to be held at the 
Manchester College of Science and Tech- 
nology on 7 to 13 July, 1960. The Manu- 
facturers’ Section will include an exten- 
sive display of British and Overseas 
Electronic Devices and Instruments and 
the Scientific and Industrial Research 
Section will include displays by the 
Admiralty, the Radio Research Station of 
D.S.1.R. (work done on ‘Earth Satel- 
lites’). The Convention will include a 
programme of lectures and film shows. 
Complementary admission tickets and 
copies of the ‘ Preview of the Exhibition 
and Convention’ (post free 6d and avail- 
able from 10 June) and of the ‘ Hand- 
book of the Exhibition and Convention’ 
(post free 3s and available from 1 July) 
may be obtained from W. Birtwistle, The 
General Secretary, The Institution of 
Electronics, 78 Shaw Road, Rochdale, 
Lancs. 


Correction 

It is regretted that in the article ‘ Effect 
of Minority-Carriers on the Dynamic 
Characteristic of Parametric Diodes’ by 
I. Hefni on page 226 of the April issue, 
Figs. 5 and 6 are upside down and should 
read Figs. 8 and 7 respectively, while Fig. 
7 should read Fig. 5 and Fig. 8 should 
read Fig. 6. 
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GUIDE FOR BUYERS has been issued by The 
National Federation of Engineers’ Tool Manu- 
facturers, Light Trades House, Melbourne 
Avenue, Sheffield 10, and gives details of the 
suppliers of British made engineers’ cutting tools 
A feature of the publication is the alphabetical 
list of tools in four languages—English, French, 
German and Spanish Overseas buyers will 
have no difficulty in finding in the Guide the 
names and addresses of British suppliers of all 
types of engineers’ cutting tools. Part 4 of the 
Guide contains an alphabetical list of trade 
marks, trade names and brand names. Price 5s 


EUROPEAN FREE TRADE ASSOCIATION is 
a new F.B.I. booklet which gives a brief his- 
torical background leading up to the signing of 
the Outer "Seven Convention and provides a 
commentary of the terms of the Convention 
itself. The booklet sets out objects of the Con- 
vention then deals with the sections covering 
import duties; import quotas definition of 
origin and deflexion of trade, and the escape 
clauses included to safeguard members of the 
Outer Seven in the event of any deterioration in 
their balance of payments of difficulties exper- 
enced in any particular sector of industry. Ap- 
pendices give the basic materials list, details of 
the special provision in the Convention for 
Portugal and a series of charts giving vital 
economic data on each of the member countries 
at a glance. Federation of British Industries, 
21 Tothill Street, London S.W.1 


BTH ESCORT MARINE RADAR is a fully 
illustrated brochure describing the main features 
of ‘ Chart-Plan’ true-course displays, and in- 
cluding a technical specification and list of world 
service agents. An important feature of Escort 
Marine Radar is that the operation of its true- 
course generator remains automatic under all 
conditions. Copies of this brochure (publica- 
tion No. 4231-71) may be obtained from A-E.I 
Electronic Apparatus Division, Radar Sales, 
Blackbird Road, Leicester, or any A.E.}. Re- 
gional or District Office. 


THERMAL STRESSES IN LONG PRISMS BY 
RELAXATION METHODS by J. D. Cummins 
is an unclassified article issued by the Winfrith 
Secretariat, Atomic Energy Establishment, Win- 
frith, Dorchester, Dorset, which is available 
from H.M.S.O. price 7s. at available from 
the same source at a cost of 6s. is an article 
entitled AUTO-CONTROL EXPERIMENTS ON 
DIDO USING DISCONTINUOUS FEEDBACK 
by L. A. J. Lawrence, in which experiments on 
auto-controlling the reactor DIDO are described 
and the equipment design discussed in some 
detail. The experiments are carried out to show 
the suitability of an on/off type of control for 
the maintenance of (a) a constant flux level in the 
presence of noise and (b) constant period during 
power change 


* PAXOLIN ’ TUBES AND CYLINDERS is a 
revised edition of the booklet published by The 
Micanite and Insulators Co. Ltd, Empire Works, 
Blackhorse Lane, Walthamstow, London E.17 
This pamphlet deals with tubes and cylinders of 
bonded paper grouped according to _ their 
characteristics into two classes—Paxolin and 


Elephantide. Paxolin is the registered trade 
name for those manufactured by the above 
Company which are classified by the British 


Standards Institution as ‘ Synthetic resin-bonded 
sheets and tubes’. While the information in 
this pamphlet relates chiefly to insulation for 
electrical purposes, the light weight, combined 
with good mechanical properties of Paxolin 


tubes, opens up applications in other fields 
G.E.C VALVES AND CATHODE RAY 
TUBES, 1960 EDITION is a catalogue pro- 


duced by the M.O. Valve Co. Ltd, a subsidiary 
of The General Electric Co. Ltd. Several hun- 
dred devices are listed under some twenty main 
groups and there are many photographic illus- 
trations Additions include a comprehensive 
index, a list of principal overseas distributors, 
and selection charts for some valve ranges. The 
General Electric Co. Ltd, Magnet House, Kings- 
way, London W.C.2. 


VOLTAGE STABILIZATION is a booklet deal- 
ing with the constant voltage transformers 
manufactured by Advance Components Ltd, 
Roebuck Road, Hainault, Ilford, Essex. The 
main function of this static electro-magnetic 
voltage regulator is to provide a constant volt- 
age output from its secondary winding which 
shall be unaffected by changes in the input to 
the primary. 
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“Electronic Equipment’’ pages and summaries of the main articles. 
It will be noted that each item in the ‘‘Electronic Equipment’ Section 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


ALMA COMPONENTS LTD 
55 Holloway Road, London N.19 
RESISTANCES BOBINEES 
Un certain nombre de 
modéles de résistances bobinées, 
les suivantes, furent exposées: 
Type Y 
Une nouvelle série de résistances sur 
bobines de format américain pour assurer 
leur interchangeabilité. Evaluées & 4, 4 
et 4 W et réglées 0,1%, ces résistances 
sont d’un haut degré d’excellence de 


nouveaux 
dont 


fabrication et leurs coefficients de tem- 
garantis 


pérature sont supérieurs a 


0,002 % /°C. 
Type A4 

Premiére de la série Type A, cette 
résistance est hermétiquement scellée et 
tropicalisée et elle est en cours d’homo- 
logation par DEF.5113. Elle fonctionne 
dans la gamme —55°C a +120°C et ses 
caractéristiques sont de 100 ohms a 400 
k. ohms, réglées a 0,1%. 
Type C 

Une résistance bobinée composée, avec 
coefficient de température garanti de 
zéro +4 parties par million par °C, 
dans la gamme de 0°C 4 100°C. Bobinées 
sur bobines normales ALMA Type §S, 
ces résistances sont évaluées 4 1W (Type 
C1), + W (Type C2) et + W (Type C4). 
Les tolérances sont de +0,1%. 
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ASSOCIATED ELECTRICAL INDUS- 
TRIES (Woolwich) LTD 

155 Charing Cross Road, London W.C.2 
TRANSISTORS 

Les dispositifs récemment réalisés pour 
des applications industrielles compren- 
nent quatre transistors de puissance. 
Les caractéristiques de courant de pointe 
de deux de ces dispositifs sont de 10A 
et celles de tensions de base collecteur 
sont de 80 V et 100 V (types XCI5S5 et 
XC156). Quant aux deux autres transis- 
tors, leurs caractéristiques de courant 
de pointe sont de 3A et celles de leurs 
tensions de base collectrice sont de 
40 V et 60 V (types XCI4I et XC142). 

Une gamme de trois transistors de 
dérive a été également introduite en vue 
d’applications exigeant la commutation a 
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soires et instruments d’essai 
grande vitesse. La fréquence minima a 
laquelle le gain de courant est unité (ou 
fl) pour ces transistors est de 20 MHz, 
40 MHz et 60 MHz respectivement. Les 
dispositifs présentés comportaient, 
d’autre part, deux transistors de com- 
mutation du modéle “Mésa”, a fréquence 
minima de 25 MHz et 35 MHz respec- 
tivement (types XA 161 et XA _ 162), 
offrant une résistance de _ saturation 
réduite, une dissipation au _ collecteur 
maxima absolue de 75 mW a 55°C et 
une tension de base collecteur maxima 
absolue de 13 V. 

Pour la commutation de basse tension 
a vitesse réduite, le transistor type 
XB 121, a tension de base collecteur de 
105 V, est d'un intérét considérable. 

Une gamme de trois transistors en 
alliage de germanium npn, pour circuits 
de commutation supplémentaires, fut 
également présentée. Ce sont les types 
XA 701, XA 702 et XA 703, qui ont 
des fréquences de coupure minima de 
3 MHz et 10 MHz et une dissipation 
collecteur de 70 mW a 55°C. 

Le domaine des transistors au silicitum 
fut représenté par une série de transis- 
tors a jonction diffuse, & dissipations de 
lordre de 30 W a 100°C. 

On a pu voir en outre des transistors 
de dérive 4 amplification haute fréquence 
allant jusqu’aA 100 MHz, ainsi que la 
gamme, plus classique et plus connue, 
de transistors par alliage pnp pour hautes 
et basses fréquences, dont certains sous 
moulage d’un intérét particulier pour les 
utilisateurs de circuits imprimés. 

La plupart des nouveaux transistors 
industriels sont d’ailleurs sous moulage 
JEDEC, pour l'emploi dans des circuits 
imprimés. 
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AVO LTD 


Avocet House, 92-96 Vauxhall Bridge Road, 
London S.W.1 


APPAREIL DE MESURE DE CARACTERISTI- 
QUES DE LAMPES 
(Illustration a la page 376) 

Un appareil perfectionné de mesure 
de caractéristiques de lampes vient d’étre 
réalisé. 

Il s’agit du Mark 4 qui, tout en gar- 
dant tous les avantages des modéles 
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Traduction des pages 376 d 380 
précédents, comporte les perfectionne- 
ments suivants: 

(a) La__ possibilité considérablement 
étendue de réglage correct des potentiels 
de grille négatifs, particulitrement aux 
basses valeurs. 

(b) Des moyens plus précis et plus 
concis pour déterminer le courant de 
grille. en particulier lorsque la lampe 
soumise A l'essai accuse une émission 
primaire ou inverse. 

(c) Des tensions anodiques supplé- 
mentaires pour vérifier les lampes A 
basse tension anodiques récemment 
créées. 

(d) Réglage amélioré de l'alimentation 
en tension anodique et d'écran. afin de 
reduire les problémes  d’impédance 
réfléchie. 

(e) Disjoncteur A 
mouvements. 

L’appareil est prévu, en outre, pour 
des tensions anodiques de 12.6 V a 400 
V par plots, des tensions d'écran de 
12.6 V a 300 V par plots. une tension 
de grille a variation continue de 0 A 
100 V. un courant anodique de 2.5 mA 
a 100 mA de déviation sur la totalité de 
l'échelle, des courants d’écran dans la 
méme gamme,. un courant de grille de 
0 a 100 wA, des tensions de chauffage 
de 0.625 & 117 -V. une conductance 
mutuelle de 0,1 &4 60 mA/V et il com- 
prend. enfin, un dispositif spécial de 
marche/arrét 

Les diodes et les redresseurs peuvent 
étre vérifiés dans des conditions de 
charge de filtrage de 1 mA Aa 180 mA. 

L’appareil est fourni complet avec 
manuel d'utilisation détaillé 


EE 22753 pour plus amples renseignements 


maxima pour les 


B. & K. LABORATORIES LTD 
4 Tilney Street, Park Lane, London W.1 
CHARGEUR DE CADRE A BANDE MAGNETIQUE 
Ce chargeur serait le plus petit qu’on 
ait concu a ce jour pour le traitement 
de cadres A bande ayant jusqu’A 120 
pieds de longueur. II assure une conver- 
sion simple. depuis l'enregistreur/repro- 
ducteur bobine-a-bobine de laboratoire, 
jusqu’au dispositif & boucle continue. I 
contient des rouleaux pouvant recevoir 
facilement des bandes de 6,35 mm, 12,7 
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mm ou 25,4 mm, atteignant jusqu’é 36 
m de longueur. 

Le parcours de la bande est extréme- 
ment simple et se préte & une mise en 
place rapide. Les longues boucles peuvent 
étre interchangées rapidement et toutes 
les vitesses de bande normales, de 47,6 
mm/sec & 524 mm/sec, peuvent étre 
choisies instantanément. 

Le chargeur peut étre retiré de l'En- 
registreur P.S.200 et remplacé par un 
chargeur bobine-a-bobine, courant de 
266, 7 mm. 

Ce nouveau chargeur de bande permet 
@utiliser Venregistreur P.S. 200 pour 
des applications de retardement et des 
analyses de spectres de grandes quantités 
de données, et il peut loger jusqu’A 14 
pistes d’informations. De telles applica- 
tions ont nécessité jusqu’é présent de 
volumineux appareils, montés sur sup- 
ports et comportant des éléments sus- 
pendus de guidage fort encombrants ou 
des pistes de bande entrelacées, au 
réseau compliqué. Grace au nouveau 
chargeur, les utilisateurs pourront com- 
mencer par l'emploi d'un instrument a 
cadre ou a _ bobine-contre-bobine et 
étendre plus tard la série des applica- 
tions. 
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ENREGISTREUR A ENCRE 

L’Oscillomink 230B est un appareil 
enregistreur & encre, pouvant enregistrer 
jusqu’a 1 kHz, avec une sensibilité 
variant de 0,2 mm/mV a 4 mm/100 V. Le 
systéme d’écriture directe est basé sur 
un nouveau principe, selon lequel on fait 
gicler & grande vitesse un jet d’encre 
extrémement fin hors d’un ajutage de 
diamétre capillaire, placé au _ centre 
moteur du galvanométre. Le jet libre ne 
faisant pas corps avec le moment 
d’inertie du syst¢me, une haute fréquence 
de résonance, d’environ 650 Hz est donc 
réalisable. La ligne de base peut étre 
déplacée vers une position appropriée 
sur le papier sans affecter la linéarité. 
Lorsqu’on enregistre avec plusieurs voies, 
les traces peuvent se croiser ou étre en- 
registrées avec une ligne de base com- 
mune sans brouillage. L’enregistreur est 
également muni d'un réglage individuel 
de la largeur de la ligne. Les vitesses 
d’avance du papier sont de 5, 10, 20, 
50, 100 et 200 mm/sec et elles peuvent 
étre réglées en cours de fonctionnement. 
La précision est supérieure a 1%. 

Des accessoires sont fournis pour des 
vitesses d’avance du papier de 0,5, 1 ou 
2 m/sec, commandées a distance ou sur 
l'appareil méme. 

L’Oscillomink 230B est doté de deux 
amplificateurs push-pull jumelés de 
courant direct, pour le réglage approxi- 
matif ou précis de la sensibilité, la cor- 
rection de phase et d’amplitude, une 
bonne discrimination entre les signaux 
symétriques et assymétriques et un 
étage final 4 modulation par fréquence 
porteuse avec couplage a détente. 

Il existe d'autres modéles comprenant 
des enregistreurs 4 8 et 12 voies et des 
amplificateurs jumelés. 
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R. H. COLE (Overseas) LTD 
2 Caxton Street, London S.W.1 
MESURE DU NIVEAU DE  FREQUENCE 
PORTEUSE 
(Illustration a la page 377) 


Cet equipement, fabriqué par Siemens 
& Halske, se compose d’un oscillateur 
de niveau et d’un enregistreur de niveau 
sélectif. Il permet d’effectuer des mesures 
sélectives de niveau, d’atténuation et de 
gain a des fréquences entre 30 kHz et 
15 MHz. Ce spectre comprend, par 
exemple, des systemes téléphoniques a 
fréquence porteuse multivoies, utilisant 
des cables coaxiaux ou _ hertziens, le 
groupe de base du CCITT (60 a 108 kHz, 
12 voies vocales), le supergroupe de base 
du CCITT (312 a 552 kHz, 60 voies 
vocales), le groupe principal de base du 
CCITT (812 Aa 2044 kHz, 300 voies 
vocales) et le super-groupe principal 
(8,516 a 12,388 MHz, 900 voies vocales). 

Les qualités  particulitres de _ cet 
équipement sont la grande précision de 
la fréquence du générateur et le dis- 
positif d’accord du détecteur, obtenus 
grace & un systéme de verrouillage de 
fréquence électronique piloté par quartz. 
A nimporte quel point de la gamme 
totale de fréquences, parcourue en un 
balayage de lécran, une lampe indica- 
trice s’éclaire au moment oii la fréquence 
sest fixée sur la fréquence correspon- 
dant a la division d’échelle devant étre 
établie (tous les 100 kHz). Ceci accélére 
considérablement le réglage des fréquen- 
ces. Des valeurs de fréquence entre les 
divisions d’échelle peuvent étre réglées 
jusqu’é environ 200 Hz, a n’importe quel 
point de la gamme totale, au moyen 
d'une commande d’accord différentiel 
supplémentaire. 

Grace au _ dispositif d’accord auto- 
matique des commandes de fréquences 
différentielles et principales de l’enregis- 
treur de niveau, toutes les mesures, 
lorsqu’il n’y a pas nécessité de séparer 
physiquement le générateur et le détec- 
teur, peuvent étre effectuées a partir du 
générateur aussi simplement et aussi 
rapidement que des mesures 4a large 
bande. 

La gamme de mesure étendue et la 
grande sélectivité, alliées au rejet élevé 
de la fréquence image et a la faible dis- 
torsion non linéaire résiduelle, permet- 
tent des mesures de diaphonie et d’atté- 
nuation de distorsion; le dispositif de 
verrouillage de fréquence électronique 
ajoute a la facilité de ces mesures. La 
stabilité avec le temps de ces réglages est 
de grande utilité pour le contréle continu. 

Pour les besoins moins importants de 
précision de fréquence, il existe des 
modéles de cet equipement sans le dis- 
positif de verrouillage de fréquence élec- 
tronique, avec étalonnage néper ou 
décibel. 

L’oscillateur de niveau peut étre 
modulé en amplitude a des fréquences 
de 0 & 100 kHz par une source ex- 
térieure. 

Vu que l'appareil de mesure de niveau 
répond aux valeurs efficaces, il peut 
étre utilisé pour des mesures de bruit 
quelconque, par exemple, de concert 
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avec le générateur de parasites inter- 
mittents type Rel. 3W432. 
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EKCO ELECTRONICS LTD 
Southend-on-Sea, Essex 


EcCHELLE AUTOMATIQUE 
(Illustration a@ la page 377) 

Le nouvel appareil Ekco Type N60 
est une échelle automatique et un 
compte-temps combinés, incorporant une 
alimentation haute tension stabilisée, un 
amplificateur d’entrée a grand gain et 
un analyseur de hauteur d’impulsion. II 
comporte également un compteur avec 
choix, par bouton-poussoir, de gammes 
de 1000, 10000 et 100000 coups/ 
seconde. 

L’echelle peut étre arrétée automati- 
quement a des comptages prédéterminés 
allant jusqu’a 1000000 et a des 
moments prédétermines allant jusqu’a 
100000 sec. Le compte-temps peut, 
d’autre part, étre utilisé aussi comme 
échelle auxiliaire avec son propre dis- 
criminateur de hauteur d’impulsion, le 
systéme de minuterie étant rapporté a la 
fréquence du secteur, quoiqu’il soit pos- 
sible d’utiliser un étalon de fréquence 
extérieur. La sensibilité d’entrée est de 
5 mV en sens négatif et 5 V en sens 
positif. Le gain d’amplification choisi 
par interrupteur est de 25, 50, 100, 250, 
500 ou 1000 et il y a une alimentation 
haute tension stahilisée de 250 4 2000 V 
en deux gammes. 
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ENGLISH ELECTRIC CO LTD 
Marconi House, Strand, London W.C.2 


SYSTEME D’INTERDISJONCTION TRANSIS- 
TORISE 
(llustration a la page 377) 

Ce systéme d'interdisjonction entiére- 
ment transistorisé cofite environ la 
moitié du prix d'un matériel classique. 
Il fonctionne d’aprés le principe du 
glissement de fréquence et il a été prévu 
pour servir de lien de protection dans 
les réseaux de puissance. 

L’appareil comporte deux circuits de 
protection et ne mesure que 50,8 cm xX 
30,5 cm xX 30,5 cm. Il est donc d'un 
encombrement plus réduit que n’importe 
quel autre matériel du genre. 

Les circuits logiques  transistorisés 
garantissent un service sGr, une faible 
consommation de courant et un temps de 
fonctionnement rapide. Dans un secteur 
électrique normal, le temps mis pour re- 
layer un signal afin de disjoindre un cir- 
cuit n’est que de 55 m/sec et, méme dans 
les conditions les moins favorables, il ne 
dépasse pas 85 m/sec. 

Une application caractéristique est 
celle ott un transformateur abaisseur est 
relié A Vextrémité éloignée d'une ligne 
de 33 kV. 

En pareil cas, une panne sur le cété 
a tension basse du transformateur ne 
sera pas nécessairement décelée par le 
relais protecteur a l’extrémité d’alimen- 
tation de l’artére et, dans ces conditions, 
des difficultés se produisent dans la dis- 
jonction de Vinterrupteur a l’extrémité 
d’alimentation. Ceci se vérifie en parti- 
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culier lorsque le niveau de dérangement 
sur le cété a basse tension du transfor- 
mateur est limité par une résistance de 
mise a la terre. On obvie a cet obstacle 
par l'emploi d’un appareil d’interdisjonc- 
tion mis en ceuvre sur le cété a tension 
basse du transformateur. 

Chacun des organes terminaux de ce 
nouvel équipement, type SL54, a son 
propre émetteur et récepteur. Dans les 
conditions normales, un signal continu 
sur une fréquence donnée est transmis, 
a travers les lignes d’interconnexion des 
P.T.T., au récepteur 4 l'autre extrémité 
de la ligne. Lorsqu’un défaut se produit, 
cette fréquence se déplace et ce change- 
ment, détecté par le récepteur appro- 
prié, actionne le fonctionement d’un 
relais qui, 4 son tour, déclenchera I’action 
nécessaire. 

En cas de dérangement dans le sys- 
teme d’interdisjonction, tout fonctionne- 
ment erroné du relais de déclenchement 
est empéché et un signal d’alarme est 
donné. 
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ERICSSON TELEPHONES LTD 
Beeston, Nottingham 
TACHYMETRE 
(Illustration a la page 378) 

Construit avec des sous-éléments de la 
susdite société, cet instrument emploie 
une fréquence de référence de 100 Hz 
pour des mesures a partir d’une limite 
inférieure, jusqu’a un maximum de 
1200 000 tours/minute, qui ne dépendent 
que de Tlefficacité du transducteur 
employé. La fréquence de 100 Hz peut 
étre produite intérieurement ou ex- 
téricurement, selon le choix. 

L’instrument comprend deux voies 
d’entrée pour des amplitudes d’impul- 
sions de 0,1 V a 1 V ou de 1 V a 100 V. 
Les deux voies peuvent recevoir soit des 
impulsions sinusoidales soit des impul- 
sions a direction positive d’une durée de 
plus de 4 usec. 

La période de comptage et la durée 
d’affichage peurent étre réglés de 1 sec a 
10 sec, le comptage et les durées 
d’affichage étant complémentaires a un 
total de 11. 
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TRANSDUCTEUR ENTRAINE PAR ARBRE 
(Illustration a la page 378) 

Le Rotapulse est un_ transducteur 
photoélectrique entrainé par arbre, qui 
convertit la vitesse angulaire de l’arbre 
en un nombre connu d'impulsions élec- 
triques par tour. 

La ro‘ation de lIarbre produit un 
mouvemi at cyclique de la courbe d’in- 
terférence causée par la lumiére brillant 
a travers des grilles d'émission, ce 
mouvement étant détecté par des photo- 
transistors montés en paires diamétrale- 
ment opposées. Chaque paire étant donc 
soumise & des signaux antiphase, les 
deux paires forment conjointement un 
dispositif différentiel produisant un 
nombre maximum d’impulsions. L’instru- 
ment courant produit 1000 impulsions 
par tour, mais des instruments avec 
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d'autres maxima peuvent étre fournis. 

Ainsi qu'on a pu le voir au Salon, le 
Rotapulse est monté de telle fagon que 
son arbre sort du centre d'un disque 
étalonné en 1000 unités. Une indication 
du nombre d'impulsions déclenchées par 
le Rotapulse, résultant de la rotation de 
l'aiguille fixée & l'arbre, est donnée par 
un compteur  bidirectionnel construit 
avec des éléments de comptage transis- 
torisés, Type 116A. 
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CELLULES DE CHARGE 
(Illustration a la page 378) 

Produites pour répondre a la demande 
accrue de dispositifs de pesage rapides, 
précis et robustes, les cellules de charge 
NOBEL sont prévues pour assurer une 
stabilité extréme contre les effets de 
température, une dérive 4 long terme de 
la sortie, et le fluage sans charge 
soutenue. Ces caractéristiques ne sont 
pas affectées par Iemploi dans des 
atmosphéres corrosives et le boitier de 
la cellule de charge est construit pour 
porter des charges latérales comparables 
avec la charge nominale maxima de la 
cellule. 

Lorsque plusieurs cellules Nobel sont 
utilisées dans une installation de multi- 
pesage, un seul instrument peut étre 
employé pour indiquer la sortie d'une 
ou de toutes les cellules. Un précision 
supérieure 4 +25% est normale, et ce 
degré de précision est maintenu pendant 
de longues périodes. Cinq formats 
étalon de cellule, couvrant tous les poids 
jusqu’éa 2268 kg, ont été réalisés et furent 
exposés comme présentation statique. 
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FERRANTI LTD 
Hollinwood, Lancashire 
MACHINE DE CONTROLE COORDONNE 
(Illustration a la page 378) 

Cette machine de contréle coordonné 
facilite grandement le travail des ser- 
vices de contréle car elle peut vérifier 
les proportions d’un objet jusqu’A un 
degré de précision de 0,001” dans la 
moitié du temps requis par des moyens 
de contréle classiques tels que les cali- 
bres 4 cadran des ingénieurs, etc. 

Un palpeur de contréle, avec embouts 
interchangeables et de forme apropriée, 
peut étre placé & n‘importe quel poift 
d'une piece usinée. Ce palpeur est tenu 
par une poutrelle en porte a faux rigide, 
surplombant la table de travail sur 
laquelle est serré l'article devant étre 
contrélé. 

Des unités sensibles électro-optiques 
sont fixées aux axes x et y de la machine. 
Tout mouvement le long d’un des deux 
axes provoque la traversée de cellules 
photoélectriques par le diagramme de 
franges moirées produit par le réseau 
de diffraction connexe. Les changements 
d'intensité lumineuse sont alors conver- 
tis par les cellules en contre-parties élec- 
triques. Des compteurs de décades bi- 
directionnels a transistorsun pour 
chaque axe—enregistrent la variation 
cyclique. 


Les données de mesures sont affichées 
de facon continue sur les deux tableaux 
électroniques 4 cing chiffres, la position 
du palpeur, a n'importe quel point de 
sa course x et y, pouvant étre lue direc- 
tement jusqu’A une précision de 0,001”. 
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THE GENERAL ELECTRIC CO LTD 
Magnet House, Kingsway, Londen W.C.2 
(Illustration a la page 379) 
MICROMETRE A LECTURE DECIMALE 
Au cours d'une démonstration, 
pu voir comment des indicateurs peuvent 
étre engrenés l'un dans l'autre pour 
obtenir une haute résolution. Quatre in- 
dicateurs décimaux A code binaire du 
format 11 furent employés, donnant un 
affichage numérique de la lecture micro- 
métrique en dix-milli¢mes de pouces. 
Tous les circuits sont  transistorisés. 
L’engrénement des indicateurs n'est pas 
critique car ils sont munis de bobinages 
supplémentaires disposés, a l'aide d'un 
circuit connexe, de fagon a empécher 
toute erreur. Ceci s’effectue par l'utilisa- 
tion du chiffre le plus significatif de 
chaque paire d’indicateurs précis pour 
commuter TI'excitation de _ Il’indicateur 
approximatif d'un bobinage a l'autre. 
Les éléments sont excités au moyen 
d’ondes carrées produites par un multi- 
vibrateur Aa transistors. Les sorties qui 
résultent des indicateurs sont amplifiées, 
leurs phases sont détectées, puis elles 
sont emmagasinées dans des circuits bis- 
tables et, enfin, décodées au moyen de 
relais actionnant l’affichage numérique. 
Ainsi qu'il fut montré, chaque indi- 
cateur a un bloc a part de circuits de 
sortie qui lui est rattaché. Dans de 
nombreuses applications, on peut exciter 
les éléments en séquence et employer un 
seul bloc de circuits de sortie sur une 
base de partage de temps. Ceci peut 
conduire & une économie considérable 
d’appareillage, particulitrement dans des 
systemes comprenant un nombre élevé 
d’indicateurs. 
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APPAREIL D'ENTRAINEMENT DE VIBREUR 


Cet appareil a été étudié pour remplir 
toutes les fonctions nécessaires pour 
l'entrainement d'une vibreur VEM.5.2. 
ou tout vibreur similaire, d'une maniétre 
propre a l'emploi par le personnel d'une 
usine. 

Le vibreur est actionné dans la gamme 
de fréquences de 30 Hz a 10 kHz par 
un amplificateur 4 faible distorsion, a 
sortie nominale de 2,5 kW. Le niveau 
d’accélération de la table du vibreur peut 
étre contrélé trés étroitement par un dis- 
positif de commande a réponse rapides, 
fonctionnant a partir de n’importe lequel 
des trois accélérométres, avec indication 
indépendante de niveau sur un appareil 
de mesure a échelle logarithmique de 2 
a 100 g. 

On peut employer une source de 
signaux extérieure ou bien une des deux 
sources intérieures. L’oscillateur  in- 
térieur en dents de scie entrainé par 
moteur, est commandé entitrement a 
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partir du panneau avant et il peut étre 
balayé entre toutes les limites actuelles, 
dans la gamme de 30 Hz a4 10 kHz, a 
des vitesse de balayage de 4 a 140 sec/ 
octave. Une commande manuelle peut 
étre employée pour régler n’importe 
quelle fréquence requise. Une fois 
réglée, cette fréquence peut étre main- 
tenue indéfiniment. Le magnétophone in- 
térieur, &4 double piste et inversion auto- 
matique, fournit un _  réenregistrement 
continu de 30 minutes, répété  in- 


définiment avec une durée d’inversion 
de moins de cing secondes. 
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GENERAL PRECISION SYSTEMS 
LTD 
Aylesbury, Buckinghamshire 
ACCESSOIRES DE CALCULATEURS 
ANALOGIQUES 
La série d’accessoires de calculateurs 
analogiques pour courant continu com- 
prend notamment: 


Générateur de Fonctions 

Ce générateur électronique de fonc- 
tions, du type a interrupteur a diode, est 
étudié pour recevoir une entrée maxima 
de +100 V c.c. Sa sortie atteint aussi 
+10 V c.c. et elle peut étre réglée pour 
constituer n’importe quelle fonction 
voulue de la tension d’entrée. La fonc- 
tion est approchée par une série de 
lignes droites. Ceci s’effectue en divisant 
la gamme en 10 sections par 9 “points 
de rupture” qui peuvent étre fixés a 
n’importe quelle valeur de la tension 
d’entrée. Chacune des sections suit une 
loi linéaire dont la pente peut varier de 
zéro a 10 dans 1. Toutes les commandes 
de réglage sont presque indépendantes 
les umes des autres, a tel point qu’en 
ne réglant chacune qu'une seule fois, on 
obtient une précision globale de +2%. 
La largeur de bande est de 2 kHz. 
L’appareil est complet avec ses propres 
amplificateurs intérieurs. 

Des fonctions peuvent également étre 
produites par l'emploi des cartes de 
résistances a prises dont munies les 
éléments servo-multiplicateurs. 


Servo-Multiplicateur 

Ce servo-multiplicateur a vitesse ré- 
duite se compose d’un_ convertisseur 
vélodyne actionnant trois potentiométres. 
L’un de ceux-ci est employé pour la 
commande du moteur qu’un interrupteur 
permet de débrancher lorsqu’on veut 
l'intégration. Il y a en outre une boite 
de vitesses standard A deux vitesses, a 
laquelle on peut ajouter d’autres boites 
de vitesses, donnant une variation pos- 
sible de la gamme d'intégration de 4 
cycle par seconde a 1 cycle par huit 
heures. 

Les deux autres potentiométres sont 
a 9 prises, de sorte que diverses fonctions 
peuvent étre approchées par charge 
résistive appropriée. Deux potentio- 
métres supplémentaires peuvent étre 
ajoutés. 

Il existe aussi un servo-multiplicateur 
a action rapide, utilisant des potentio- 
métres rotatifs actionnés par  servo- 
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moteur MES. Une vitesse de 10 Hz sur 
la totalité de I'échelle peut étre atteinte 
et soit trois soit six potentiométres 
peuvent étre fixés. Dans chaque cas, l’un 
des potentiométres sert &4 la commande 
du moteur, un autre est a 9 prises et le 
reste est a prise centrale. 
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LIVINGSTON LABORATORIES LTD 
Retcar Street, London N.19 

OsciLLoscope D’ECHANTILLONNAGE 
(Illustration a la page 379) 

L’oscilloscope Hewlett-Packard Type 
185A, allié a Vlamplificateur & double 
trace Type 187A, forment un excellent 
systtme pour l’observation de phéno- 
ménes a impulsions rapides, exigeant des 
largeurs de bande de 500 MHz. Des 
échantillons successifs de Tlimpulsion 
soumise a I’essai sont prélevés a4 inter- 
valles toujours plus étendus. Les echan- 
tillons sont ensuite reconstitués sur une 
longue base de temps, donnant un 
systéme avec un temps de montée effec- 
tif de 0,7 musec. 

Le nombre d’échantillons a prélever 
par trace peut étre choisi par une com- 
mande sur le panneau avant. On peut 
aussi examiner en détail les durées 
d’étalonnage et d’affaiblissement des im- 
pulsions grace aux dispositif d’étalement 
de balayage et de déclenchement multiple 
dont est pourvu loscilloscope. 

En outre, on peut effectuer des 
mesures précises de temps de montée, de 
durée et d’espacement, par l'emploi du 
second canal pour un affichage simul- 
tané de la sortie de Il’étalonneur de 
temps. Un sortie est également prévue 
pour actionner un appareil de tracage 
des courbes X-Y, ce qui permet d’obtenir 
un enregistrement permanent de phéno- 
ménes a grande vitesse. 

Chaque canal a une sensibilité indé- 
pendante avec des gammes étalonnées de 
10 mV/cm a 200 mV/cm, d'une pré- 
cision de +5%, et une impédance 
d’entrée d’environ 100 k. ohms shuntée 
par 2 pF. 
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CAMERA D’OSCILLOSCOPE 


La caméra d'oscilloscope Hewlett- 
Packard Type 196A avec dos Polaroid 
Land, permet d’obtenir un enregistre- 
ment photographique positif d’une trace 
d’oscilloscope dans Tespace d'une 
minute. Grace au capot de vision, on 
peut observer la trace durant la pose, 
et la lentille spéciale f/1.9 donne une 
image de la largeur totale d’un micro- 
métre, soit 10 cm, sans dégradation 
appréciable de la résolution cathodique. 
Le rapport de l'objet a la grandeur de 
l'image est de 1 a 0,9. 

Les problémes de fuite de lumiére 
ont été éliminés par un soufflet de 
caméra normal et l’on peut déplacer la 
lentille sur 11 positions de détente, afin 
de faciliter le travail des poses multiples. 

Quoiqu’essentiellement étudié pour 
étre fixé a des oscilloscopes de grande 
puissance, un adapteur peut étre fourni 
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avec la caméra pour pouvoir la fixer & 
des oscilloscopes TEKTRONIX. 
EE 22 767 pour plus amples renseignements 


MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
COMPTEUR 
(Illustration a la page 379) 

Cet instrument (Type TF 1292) indi- 
que le taux de comptage ou le comp- 
tage intégré de détecteurs de particules 
et de radiations nucléaires. Des gammes 
de taux de comptage de 30, 100, 300 et 
1000 par seconde, sur la totalité de 
l’échelle, sont prévues. Avec ces der- 
niéres, des constantes de temps de 1,5 
ou 20 secondes peuvent étre choisies. 
Les gammes de taux de comptage 
intégré sont de 1000, 3000, 10000 et 
30 000 coups sur la totalité de I’échelle. 

L’instrument est muni de deux sorties 
réglables trés haute tension, l'une pour 
un compteur de particules ou de radia- 
tions et l'autre pour une chambre de 
précipitation. Il existe aussi une alimen- 
tation haute et basse tension pour un 
préamplificateur extérieur. 

Le compteur Type TF 1292 convient 
a de nombreuses applications de mesure 
de radiation dans les processus indus- 
triels et les laboratoires. On peut 
employer, entre autres, dans un sys- 
teme de contréle de gaz réfrigérant dans 
une centrale nucléaire pour la détection 
d’éléments de combustible défectueux. 
Utilisé 4 cette fin, il mesure la sortie 
d’un compteur 4a scintillations réagissant 
aux particules radioactives dans le gaz. 
Les particules, étant ionisées, sont pré- 
cipitées sur un cable a trés haute ten- 
sion d’attraction fournie par le compteur. 

Le compteur Type TF 1292 peut étre 
télécommandé et lu a distance. En outre, 
un circuit avertisseur peut étre mis en 
ceuvre selon n’importe quelle indication 
prédéterminée ou en cas de panne de 
courant. En plus de l’affichage sur pan- 
neau du taux de comptage, il y a deux 
sorties proportionnelles pour usage 
extérieur donnant 50 V et 100 mV sur 
la totalité de l’échelle. La sortie inférieure 
est particuli¢rement prévue pour un en- 
registreur. 

EE 22 768 pour plus amples renseignements 


CONVERTISSEUR ANALOGIQUE-NUMERIQUE 
(Illustration a la page 380) 

Le convertisseur analogique-numérique 
TF 1325 est un ordinateur enti¢rement 
transistorisé, calculé pour fournir 4 un 
appareil indicateur, enregistreur ou d=: 
dépouillement de données, la valeur Jun 
potentiel de courant continu appliqué ce 
0 a 0,999 V. La sortie décimale a code 
binaire de trois chiffres donne une pré- 
cision de +1 mV. La période d’échan- 
tillonnage est de 20 msec. et elle peut 
étre mise en train 4 distance. Un signal 
a plots averrit lorsque l’échantillonnage 
a été complété et qu’un résultat peut 
étre livré; le courant d’entrée est alors 
au-dessous de 0,15 A. 

L’indicateur a été congu principale- 
ment pour recevoir une tension en direct, 
en tant qu’entrée, dont il échantillonne 
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le niveau, puis fournit le résultat, 
rapidement et avec précision, sous forme 
numérique. Ce dernier est appliqué a 
un décodeur et imprimeur linéaire ou 
a une machine a écrire électrique, per- 
mettant ainsi d’obtenir un enregistre- 
ment auquel on peut se référer par la 
suite. Utilisé de cette fagon, l’indicateur 
trouve une application particulitre dans 
le contréle répéte du niveau de radia- 
tion a un certain nombre de points d'une 
centrale nucléaire. Les tensions par- 
venant de points devant étre contrélés 
sont appliquées a leur tour a l’indicateur 
et elles n’ont besoin d’étre stables que 
pendant chaque période d’échantillon- 
nage. 

La grande vitesse dont Il’indicateur est 
capable le rend apte a servir de conver- 
tisseur, traduisant une tension analogique 
sous une forme numérique pour étre 
appliquée 4 un équipement de dépouille- 
ment de données. 

L’indicateur est mnormalement _livré 
dans un coffret pour fonctionnement sur 
banc d'essai, mais il peut aussi étre 
fourni pour montage sur chAssis. 

EE 22 769 pour plus amples renseignements 


MULLARD LTD 
Matard House, Torrington Place, London W.C.1 
TRANSISTORS A JONCTION PAR DIFFUSION 
EN ALLIAGE 

La technique de jonction par diffusion 
a déja été appliquée avec succés pour 
la production sur une grande échelle des 
transistors OCI70 et OCI71, qui sont 
largement utilisés pour l’amplification 
m.f. et h.f. dans les récepteurs pour 
fréquence élevée et hyperfréquences. Un 
nombre de transistors a maintenant été 
mis au point pour l'emploi dans les 
télécommunications et dans le matériel 
industriel et de calcul électronique. Ces 
transistors comprennent en particulier: 


Transistors pour communications 
hyperfréquences 
Le transistor pour 


hyperfréquences 
type AZI1 a été réalisé spécifiquement 
comme transistor a faible bruit pour 


l'amplification a 100 MHz dans le 
matériel de communications profes- 
sionnelles. La technique particuliére de 
construction utilisée pour ce transistor 
permet de garder la résistance de base 
extrinséque et la capacité réactive a de 
trés basses valeurs, de sorte qu’a 100 
MHz, le transistor donnera un gain de 
puissance supérieur 4 10 dB. Le niveau 
de bruit 4 la méme fréquence, ne dépasse 
pas 6dB. Le gain de courant moyen est 
de 50. 

La tension maxima de base collecteur 
est de—20 V et la tension au collecteur 
de l'émetteur est de—12 V, a un régime 
de plein courant de 10 mA. Le courant 
de fuite au collecteur est de 4 wA 
(moyenne) avec une tension de base 
collectrice de—6 V et a une température 
de 25°C. La température de jonction 
maxima est de 75°C et la résistance a 
chaud est de 0,6°C/mW, permettant une 
dissipation de 50mW dans une tempéra- 
ture ambiante de 45°C. Le transistor est 
logé dans un boitier métallique. 

Le transistor 1ype AFZI1 sera bientét 
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suivi d'un autre transistor congu pour 
les mémes applications professionnelles, 
mais A une fréquence double. Aux 
étages de 200 mHz du matériel de com- 
munication hyper-fréquences, le nouveau 
transistor fournira un gain de puissance 
supérieur & 10 dB, avec un niveau de 
bruit inférieur 4 9 dB. 


Calcul logique ultra-rapide 

Un transistor 4 jonction par diffusion 
en alliage, avec de trés bonnes caractéris- 
tiques de grand signal sera bientét offert 
pour les circuits logiques de calculateurs 
a action ultra-rapide. 

Ce transistor constitue un élément des 
plus perfectionnés, congu pour répondre 
aux besoins des calculateurs futurs ayant 
des taux d'impulsions d’horloge atteig- 
nant 10 MHz. Il aura une fréquence de 
coupure de plusieurs centaines de méga- 
cycles par seconde, d’excellentes carac- 
téristiques de saturation pour un courant 
au collecteur de SOmA, et un taux de 
dissipation suffisant pour ses applica- 
tions. 

Ce nouveau transistor a pu étre vu en 
action dans des circuits logiques de com- 
mutation de tension A niveau bas et dans 
un compteur de décades de 10 MHz. 


Commande de systémes a mémoire 

Ce transistor, qui est en cours de 
réalisation, pourra commander des sys- 
temes & mémoire en ferrite a action 
rapide, de concert avec le nouveau tran- 
sistor logique a action rapide dont men- 
tion a été faite plus haut. 

Il pourra fournir des impulsions de 
sortie de plusieurs centaines de milli- 
ampéres avec des temps de montée ex- 
trémement rapides. Son régime de 
courant au collecteur maximum est de 
+ A et la valeur de son paramétre de 
fréquence minima est supérieur a 60 
MHz. 

On a pu le voir utilisé, au cours d'une 
démonstration, dans un _ générateur 
d'impulsions 4 courant élevé, fournissant 
des impulsions de sortie d'une demi 
ampére avec des temps de montée 
moyens inférieurs A 40 mausecs. 

Ses caractéristiques de grande puis- 
sance a haute fréquence le _ rendent 
également indiqué pour la téléphonie par 
courants porteurs et le matériel des 
transmissions. Pour ces applications, il 
fournit une sortie de 3 W a 8 MHz ou 
de 1 W aux fréquences supérieures. Une 
démonstration a permis de le voir en 
usage aux étages de commande et de 
sortie d'un émetteur de 2,5 W fonction- 
nant 4 8 MHz. 


Transistor de commutation PNPN 

Dans le semi-conducteur Type ATZ1O0, 
la technique a jonction par diffusion et 
alliage a été appliquée a la réalisation 
d'un transistor de commutation pnpn 
a 4 couches. _ 

Ses propriétés permettent la construc- 
tion de circuits monostables et astables 
univibrateurs, en n‘utilisant qu'un seul 
transistor pnpn au lieu de deux tran- 
sistors conventionnels & 3 couches nor- 
malement requis, ce qui a pour résultat 
une économie d’espace et de piéces con- 
nexes. De plus, il peut aussi étre em- 
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ployé comme voie de parole commutée 
dans les systtmes téléphoniques auto- 
matiques. 

Le ATZI10O est un transistor A trois 
bornes et son effet est similaire a celui 
d'une combinaison de transistor pnp et 
npn avec rétablissement intérieur. Cette 
construction résulte en une caractéris- 
tique d’impédance négative prononcée, 
dans une gamme d'une largeur fort utile, 
et permet le fonctionnement par impul- 
sions de ce transistor sous forme de com- 
mutateur électronique 4 action rapide. 
Une fois branché il demeure automati- 
quement ‘Aa fond’ jusqu’A ce qu'il soit 
‘débranché’ par l'impulsion suivante. 

Le transistor ATZIO a un rapport 
d'impédance arrét-marche supérieur a 3 
millions: 1. Ses caractéristiques nominales 
de tension maxima et de courant de 
pointe sont d’environ 35 V et 25 mA 
respectivement. La température de jonc- 
tion maxima est de 55°C, ce qui autorise 
une dissipation globale maxima de 17 
mW dans une température ambiante de 
45°C. Un  compteur annulaire de 
décades, utilisant dix transistors ATZ10 
et pouvant compter a des vitesses de 30 
kHz, a été montré au Salon. 


Transistor a avalanche avec temps de 
montée de 1 musec 

Cet élément n’est pas mis en ceuvre 
par l’action normale du transistor mais 
par le phénoméne dit “d’avalanche.” Il 
représente une réalisation spéciale de la 
technique de diffusion, des plus utiles 
pour les applications nécessitant des 
temps de montée exceptionnellement 
accélérés comme, par exemple, pour les 
oscilloscopes d’échantillonnage a action 
rapide. 

Un courant de créte de 50 kA peut 
étre atteint avec un temps de montée de 
1 musec seulement, ce qui représente un 
taux de montée de courant de 50 A/ 
usec. 

Il a été montré au Salon dans un cir- 
cuit & avalanche produisant des impul- 
sions de 50 mA avec des temps de 
montée d’environ | musec, a une fré- 
quence d’impulsions de 4 MHz. Ces im- 
pulsions furent affichées sur un oscillo- 
scope d’échantillonnage, utilisant lui 
méme un transistor 4 avalanche dans le 
circuit d’échantillonnage. 


Transistor de commutation 

Le transistor ASZ20, qui est déja en 
cours de production, a été prévu pour 
les applications de commutation, y com- 
pris les circuits logiques de calculateurs. 

Il a une valeur nominale de courant 
de pointe de 25 mA et une tension de 
base collectrice maxima de —40 V. La 
valeur de fréquence minima est supéri- 
eure A 40 MHz et le gain de courant a 
grand signal minimum est de 33 a 25 
mA de courant au collecteur. La tem- 
perature de jonction maxima est de 75°C 
et la résistance A chaud est de 0,6°C/mW, 
autorisant une dissipation de 50 mW 
dans une température ambiante de 45°C. 
Le courant de fuite au collecteur a 
—6 V est inférieur 4 5 mA pour une 
température de 25°C. 


EE 22770 pour plus amples renseignements 
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Résumés des Principaux Articles 


Un sondeur a ultrasons transistorisé miniature par R. N. B. Gatehouse 
Cet article décrit la mise au point et les principales caractéristiques de construction d'un tres 
petit et fort robuste sondeur ultrasonore, prévu pour des profondeurs de 0,60m a 58,5m. Cet appareil 
Résumé de I’article convient a des applications telles que les levés hydrographiques et les sondages pour la pose de tuyaux 
aux pages 336 d 340 = sous-marins, ainsi que pour le pilotage des yachts et des petits bateaux de péche. Le 
poids de l'appareil complet nest que de 5,5 kg, sa consommation électrique est de 0,1W et sa 
précision est de +3% ou 15cm, selon le degré de précision le plus élevé. 


Un circuit fagonneur de formes d’ondes passives par M. J. Wright 

L’auteur décrit un circuit simple pouvant exécuter une variété de fonctions de faconnage de formes 
d’ondes. Quoique utilisant aucune piéce active, ce circuit peut fournir de vives transitions de tension 
de sortie, retardées dans le temps par rapport a la tension d’entrée. Ses applications sont, entre 
autres, l’allongement de la durée d’impulsions, le changement de phase de 90° d’ondes carrées, le 
filtrage et l’ écrétage combinés, la modulation marque/espace d’une entrée d’onde carrées. 


Résumé de |'article 
aux pages 341 a 343 


Affichage multidimensionnel simple par D. M. Mackay 

Des fonctions de deux variables ou davantage peuvent étre affichées sur un écran cathodique sous 
forme de projection bi-dimensionnelle de lV’ hypersurface qu’elles définissent. L’angle de projection 
peut étre modifié par des potentiomeétres tournants qui déterminent les proportions dans lesquelles les 
différentes tensions d’entrée contribuent aux déviations X et Y. 

Quoique le meilleur processus d’affichage soit de se servir de potentiométres a quatre curseurs et 
d’amplificateurs d’accord, un résultat remarquablement bon peut étre obtenu a Laide de circuits 
beaucoup plus simples, ne nécessitant que des potentiométres linéaires a double jumelage et quelques 
résistances choisies avec soin. Les sorties pour un affichage entiérement stéréoscopique peuvent 
également étre obtenues par un circuit a peine un peu plus compliqué. 


Résumé de I'article 
aux pages 344 d 347 


La simulation des fonctions de transfert dans un calculateur analogique par F. C. Harbert 


Résumé de I’article Cet article décrit un circuit a amplificateur unique qui exécute l’opération de double intégration 
aux pages 354 d 355 ainsi qu'une synthétisation des fonctions de transfert polynémes dans un calculateur analogique. 


La construction d’instruments numériques optiques par I. R. Young 

L’article examine d’abord diverses considérations touchant a la fabrication d’ instruments optiques, 
en soulignant l’importance d’une lecture immédiate en cas de besoin, ce qui est particuliérement 
souhaitable pour les systémes diviseurs de temps. Quelques instruments a faible résolution sont 
ensuite décrits, avec des indications sur l'utilisation des données obtenues. Une description succincte 
des problémes se rapportant a la construction d’ instruments a trés haute résolution conclut cet article. 


Résumé de I’ article 
aux pages 359 d 365 


Les effets de ’'enrobement sur les pieces électroniques par F. P. Campbell 

On sait depuis longtemps que | enrobement des circuits électroniques affecte leur rendement. 
L’auteur étudie dans cet article les effets de ’' enrobement sur des pizces détachées d’usage courant. 
Les tubes peuvent étre enrobés en toute sécurité, a condition de suivre la technique correcte pour 
supprimer la chaleur autoproduite et pour protéger l’enveloppe de verre. On rencontre peu de 
Résumé de I’ article difficultés dans le cas des transistors et des capacités. Par contre, les résistances bobinées se prétent 
Gux pages 366 d 37! mal aux revétements de résines liquides lorsqu’elles sont a forte dissipation. L’auteur décrit aussi 

les effets de l'enrobement sur les transformateurs et les bobines d’arrét. 
L’enrobement des résistances au carbone et au carbone crevassé affecte de maniécre différente 
certains de ces éléments. Ceci est illustré par la description d'une expérience. L'auteur résume, 

enfin, les causes des changements dans les composantes. 


Une alimentation stabilisée et commandée par programme 4a réaction par M. Pacak 

Une alimentation stabilisée pour aimant de spectographe de masse est décrite dans cet article. La 
sortie est soit a variation continue de 3 a 800V, soit commandée par programme au moyen d’un 
dispositif résistance-capacité. L’amplificateur du stabilisateur est a réaction. 


Résumé de |'article 
aux pages 372 d 373 
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Beschreibung neuer 


ALMA COMPONENTS LTD 

55 Holloway Road, London N.19 
DRAHTWIDERSTANDE 
Anzahl neuer Drahtwiderstinde 
ausgestellt, unter denen = sich 
Typen befanden: 


Eine 
wurde 
folgende 
Type Y 
ist eime neue Widerstandsreihe auf 
amerikanischen Normspulen, also aus- 
tauschbar. Bei 4, + und 4 W Nennlast 
und 0,1% Toleranz haben die mit hoher 
Prazision hergestellten Widerstinde einen 
garantierten Temperaturbeiwert unter 
0,002 % /°C 
Type A4 
Diese Widerstande sind die ersten der 
A-Serie, hermetisch verschlossen und 
tropenfest, deren Musterzulassung nach 
Vorschrift DEF. 5113 erwartet wird. Sie 
sind von 1002...400 k2 mit 0.1% fiir 
einen Temperaturbereich von —55°C 
+120°C lieferbar. 


Type C 
ist ein Widerstand mit Verbundwicklung 
auf Alma-Standardspulen Type S mit 
einem garantierten Temperaturbeiwert 
von +4 Teile pro Million pro °C iiber 
den Bereich von 0...100°C. Diese Wider- 
stande sind fiir Nennlasten von 1 W 
(Type Cl), + W (Type C2) und 4 W 
(Type C4); Toleranzen +0,1%. 

EE 22751 fiir weitere Einzelheiten 


ASSOCIATED ELECTRICAL 
INDUSTRIES (Woolwich) LTD 
155 Charing Cross Road, London W.C.2 
TRANSISTOREN 
Unter den kiirzlich fiir industrielle 
Zwecke eingefiihrten Elementen befinden 


sich vier Leistungstransistoren. Typen 
XC 155 und XC 156 haben einen Spit- 
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Bauelemente, 


| INSTRUMENTE } LEK Seon 


gemachten Angaben. 


zenstromwert von 10 A bei 80 bzw. 100 V 
Kollektorbasisspitzenspannung. Typen 
XC 141 und XC 142 sind fiir 3 A Spit- 
zenstrom bei 40 bzw. 60 V_ Kollektor- 
basisspannung. 

Fiir Schnellschaltvorginge wurde eine 
Serie von drei Drift-Transistoren 
herausgebracht. Fiir diese Transistoren 
(Typen XA 141, XA 142 und XA 143) 
ist die Mindestfrequenz f,, bei der die 
Stromverstarkung eins wird, 20 MHz, 40 
MHz bzw. 60 MHz. Ausgestellt wurden 
auch zwei Mesa-Schalttransistoren mit 
Minimumfrequenzen f;, 25 MHz bzw. 
35 MHz (Typen XA 161 und XA 162), 
die einen niedrigen Sattigungswiderstand, 
eine absolute Kollektor-Héchstverlust- 
leistung von 75 mW bei 55°C und eine 
absolute Kollektorbasis-Héchstspannung 
von 13 V bieten 

Fiir Hochspannungsschalten bei gerin- 
geren Geschwindigkeiten ist Type XB 
121 mit einer Kollektorbasisspannung 
von 105 V sehr interessant. 

Auch drei Ge-npn-Legierungselemente 
fiir zusdtzliche Schaltkreise wurden 
gezeigt und zwar Typen XA 701, 702 
und 703 mit Mindestfrequenzen f, 
3 MHz, 5 MHz bzw. 10 MHz und einer 
Kollektorverlustleistung von 70 mV bei 
~ > yO 

Zum ersten Mal zeigt die Firma Sili- 
zium-Transistoren in Form einer Ent- 
wicklungsserie von npn _ Diffusions- 
Flachentransistoren fiir Verlustleistungen 
in der Gréssenordnung von 30 V bei 
100°C. 

Drift-Transistoren fiir HF-Verstarkung 
bis zu 100 MHz, sowie die konven- 
tionellen und gut eingefiihrten pnp 
Legierungs-Transistoren fiir NF- und 
HF-Verwendung wurden z.T. in wahl- 
weisen Verkapselungen ausgestellt, die 
sich besonders fiir gedruckte Schaltungen 
eignen. 

Die meisten der neuen industriellen 
Elemente fiir Verwendung in gedruckten 
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Zubehorteile und Priifgerite auf Grund der von Herstellern 


Ubersetzung der Seiten 376 bis 380 


Schaltungen werden in JEDEC Gehdusen 
geliefert. 
EE 22 752 fiir weitere Einzelheiten 


AVO LTD 
92-96 Vauxhall Bridge 
London §.W.1 


Avocet House, Road, 


ROHREN-K ENNDATENMESSER 
(Abbildung Seite 376) 

Der verbesserte R6hren-Kenndaten- 
messer wurde vor kurzem eingefthrt. 
Typen wur- 

folgenden 


Alle Grundziige friiherer 
den beibehalten und die 
zusatzlich eingebaut 


kann, 
viel 


Gitterpegel 
Werte, 


(a) Der negative 
besonders fiir niedrige 
genauer eingestellt werden 

(b) Eine genauere und kiirzere 
Methode zur Bestimmung des Gitter- 
stroms, besonders wenn die zu priifenden 
Réhren Umkehr- oder Primadremission 
haben 

(c) Zusdtzliche Anodenspannungen zur 
Priifung der neuen RGhren mit niedrigen 
Anodenspannungen. 

(d) Verbesserte Regulierung der 
Anoden- und _ Schirmgitterspannungen, 
um den Einfluss der Riickwirkungs- 
impedanz herabzusetzen. 


(e) Uberlastungsschutz fiir die Anzeige- 
gerate. 

Anodenspannungen sind zwischen 12,6 V 
und 300V in Stufen einstellbar. Die 
Gitterspannung kann von 0-100 V stufen- 
los eingeregelt werden, Anoden- sowie 
Schirmgitterstrom kann von 2,5mA 
Vollausschlag bis 100 mA Vollausschlag 
gemessen werden; Gitterstrom 0...100 2A; 
Heizfadenspannungen von 0,625...117 V; 
Steilheit von 0,1...60 mA/V; Anzeige- 
vorrichtungen fiir “Gut/Ausschuss” sind 
auch im Gerat vorgesehen. 
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Dioden und Gleichrichter kénnen von 
1...180 mA unter Ladebelastung gepriift 
werden. 


Jedem Gerit liegt ein umfassendes 
Daten-Handbuch bei. 


EE 22753 fiir weitere Einzelheiten 


B. & K. LABORATORIES LTD 
4 Tilney Street, Park Lane, London W.1 
ENDLOS-TONBANDKASSETTE 


Das Modell soll die bisher kleinste 
Kassettenkonstruktion sein, die Endlos- 
Bander bis zu 36,5 m Lange aufnehmen 
kann. Durch die Kassette kénnen Labor- 
Aufnahme-/Wiedergabegerite mit nor- 
malen Spulen auf einfache Weise in 
Endlos-Tonbandgerate umgewandelt wer- 
den. Bis zu 36,5 m lange und 6,35 mm, 
12,7 mm oder 25,4 mm breite Tonbander 
kénnen bequem iiber die in die Kassette 
eingebauten Rollen eingelegt werden. 


Der Bandweg ist dusserst einfach und 
erméglicht schnelle Bandeinlage. Lange 
Schleifen kénnen schnell gegen einander 
ausgetauscht und die Standard-Bandge- 
schwindigkeiten von 47,5 cm/s...52,5 cm/s 
augenblicklich eingestellt werden. 


Die Kassette kann abgenommen und 
beim P.S.200 Tonbandgerit durch eine 
andere ersetzt werden, in der das Band 
von einer normalen 227 mm Spule zur 
anderen lauft. 


Mit der neuen Endlos-Kassette kann 
das PS.200 Aufnahme-/Wiedergabe- 
gerat fiir Verzégerungssysteme und 
Spektralanalyse grosser Datenproben ein- 
gesetzt werden, wobei bis zu 14 Infor- 
mationskanile Verwendung finden kén- 
nen. Fiir solche Zwecke waren friiher 
grosse Gestellanlagen mit schwerfallig 
gefederten Leitrollen und komplex durch- 
flochtenen Bandwegen erforderlich. Bei 
der neuen Kassette kann der Benutzer 
entweder mit einem normalen Geriat oder 
einem Endlos-Bandgerat beginnen und 
dann den Anwendungsbereich ausweiten. 
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TINTENSCHREIBER 


Der Oscillomink 230B ist ein Tinten- 
schreiber, der Vorginge bis zu 1 kHz 
Empfindlichkeiten von 0,2mm/m\V ... 
4mm/100V_ registrieren kann. Dieses 
Direktschreibsystem arbeitet nach einem 
neuen Prinzip, bei dem ein haardiinner 
Strahl Schreibfiiissigkeit mit hoher 
Geschwindigkeit aus einer am _ beweg- 
lichen Organ des Messwerkes befestigten 
Diise austritt. Da der freie Strahl nicht 
in das Systemtrigheitsmoment eingeht, 
kann eine hohe Resonanzfrequenz von 
ungefahr 650 Hz erreicht werden. Die 
Nullinie kann auf dem Papier in jede 
gewlinschte Lage verschoben werden. 
Bei Mehrkanalaufzeichnungen kénnen 
sich die Spuren ohne Beeinflussung 
kreuzen oder in Bezug auf eine 
gemeinsame Nullinie aufgezeichnet wer- 
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den. Die Starke der einzelnen Spuren 
kann unabhingig geregelt werden. Die 
Papiervorschiibe von 5, 10, 20, 50, 100 
und 200 mm/s kénnen wéahrend des 
Betriebs umgeschaltet werden. Die 
Genauigkeit ist besser als 1%. 


Durch Zusatzgerite k6énnen_ eigen- 
oder ferngesteuerte Papiervorschiibe von 
0,5, 1 oder 2 m/s erreicht werden. 

Das Gerat ist mit Zwillings-Gleich- 
spannungs-Gegentaktverstarkern mit 
Grob- und Feineinstellung der Empfind- 
lichkeit, regelbarer Phasen- und Ampli- 
tudenkorrektur, guter Unterscheidung 
symmetrischer und unsymmetrischer Sig- 
nale und einer tragerfrequenzmodulierten 
Endstufe mit Ausweitungskopplung aus- 
geriistet. Ausserdem sind 8- und 12- 
kandlige Schreiber und Zwillingsver- 
starker lieferbar. 


EE 22755 fiir weitere Einzelheiten 


R. H. COLE (OVERSEAS) LTD 

Street, London S.W.1 

TRAGERFREQUENZ-PEGELMESSUNG 
(Abbildung Seite 377) 


Das von Siemens und _ Halske 
hergestelite Geradt besteht aus einem 
Pegeloszillator und einem selektiven 
Pegelmesser. Pegel-, Dampfungs- und 
Verstirkungsmessungen k6nnen fiir Fre- 
quenzen von 30 kHz...15 MHz aus- 
gefiihrt werden. In diesem Spektrum 
liegen z.B. die |Mehrkanal-Trager- 
frequenztelefoniesysteme mit koaxialem 
Kabel oder Funkbriicken der CCITT 
Grundgruppen (60...108 kHz, 12 
Sprechkanale), CCITT  Ubergruppen 
(312...552 kHz, 60 Sprechkanile), 
CCITT Hauptgruppen (812 ...2044 kHz, 
300 Sprechkanéle) und CCITT Uber- 
hauptgruppen (8516...12 388 MHz, 900 
Sprechkanile). 


2 Caxton 


Ein besonderer Vorteil dieses Gerites 
ist die hohe Genauigkeit der Geber- 
frequenz und der Detektorabstimmung, 
die durch ein quarzgesteuertes_ elek- 
tronisches Frequenzmitnahmesystem 
erreicht wird. Der gesamte Frequenz- 
bereich wird mit einem Durchstimmen 
der Skala bestrichen, wobei_ eine 
Anzeigelampe aufleuchtet, wenn die 
Frequenz mit einer der 100 kHz 
Skalenteilungen entsprechenden Frequenz 
iibereinstimmt. Dadurch erfolgt die 
Einstellung der Frequenz  wesentlich 
schneller. Frequenzwerte zwischen den 
Teilstrichen kénnen iiberall im Gesamt- 
bereich mittels einer weiteren Zusatz- 
abstimmung mit ungefihr 200 Hz 
Genauigkeit eingestellt werden. 


Durch die automatische Abstimm- 
vorrichtung fiir Haupt- und Zusatz- 
abstimmung des Pegelmessers kénnen 
alle Messungen genau so einfach und 
schnell vom Geber aus ausgefiihrt werden 
wie Breitbandmessungen, soweit Oszil- 
lator und Detektor dabei nicht vonein- 
ander getrennt benutzt werden sollen. 


Grosser Messbereich und hohe Selek- 
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tivitét erméglichen in Zusammenwirkung 
mit hoher Spiegelfrequenzsicherheit und 
geringem Restklirrfaktor Messung des 
Nebensprechens und der Klirrdimpfung; 
die elektronische Frequenzanzeige 
erleichtert die Messungen noch mehr. 
Die Zeitstabilitat der Einstellung ist fiir 
Uberwachungszwecke wertvoll. 


Wo geringere Anforderungen an 
Frequenzgenauigkeit gestellt werden, 
kénnen Gerite ohne _ elektronische 
Frequenzmitnahme mit Neper- oder 
Dezibeleichung geliefert werden. 


Der Pegel-Oszillator kann von einer 
Fremdquelle mit Frequenzen von 0.... 
100 kHz amplitudenmoduliert werden. 


Da der Pegelmesser auf Effektivwerte 
anspricht, kann er auch fiir Rausch- 
messungen, z.B. zusammen mit Rausch- 
generator Type Rel 3 W 432 Verwendung 
finden. 
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EKCO ELECTRONICS LTD 
Southend-on-Sea, 
AUTOMATISCHER UNTERSETZER 
(A bbildung Seite 377) 


Das neue Ekco Gerait Type N610 ist 
ein zusammengebauter automatischer 
Untersetzer und Zeitmesser mit stabili- 
sterter Hochspannung, einem Leistungs- 
verstarker und Impulshéhenanalysator. 
Ein Ratemeter mit Drucktastenwahl der 
1000, 10000 und 100000 Impuls/Sek.- 
Bereiche ist auch eingebaut. 


Essex 


Der Untersetzer kann automatisch bei 
vorbestimmten Ziahlstéssen bis zu 
1000000 und vorbestimmten Zeiten bis 
zu 100000 Sek. angehalten werden. Der 
Zeitmesser kann auch als zweiter Unter- 
setzer mit eigenem Impulshéhendis- 
kriminator benutzt werden, dessen Zeit- 
messer auf die Netzfrequenz bezogen ist; 
jedoch kann auch ein Fremdfrequenz- 
normal eingesetzt werden. Die Eingangs- 
empfindlichkeit ist 5 mV negativgehend 
und 5 V positivgehend. Durch Schalter 
kénnen Verstérkungen von 25, 50, 100, 
250, oder 1000 eingestellt werden. Ein 
stabilisiertes Netzgerat gibt 250...2000 V 
in zwei Bereichen. 
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ENGLISH ELECTRIC CO. LTD 
Marconi House, Strand, London W.C.2 
TRANSISTORISIERTES ZWISCHENAUSLO- 
SUNGSGERAT 
(Abbildung Seite 377) 

Das volltransistorisierte, mit Frequenz- 
anderung arbeitende Zwischenauslésungs- 
gerat kostet ungefahr die Hialfte der 
iiblichen Gerite und wurde als Schutz- 
verbindung fiir Kraftnetze entwickelt. 

Das zwei Schutzkreise enthaltende 
Gerat ist mit 508 x 305 x 305 mm kleiner 
als jedes bisherige Gerat. 
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Die transistorisierten logischen Schal- 
tungen sind betriebssicher, haben ge- 
ringen Stromverbrauch und kurze An- 
sprechzeit. In einer normalen Kraft- 
leitung ist die Ubertragungszeit fiir das 
Auslésesignal unter 55 ms und unter den 
schlechtesten Bedingungen 85 ms. 


Als typisches Verwendungsbeispiel 
kann ein Abwiartstransformator gegeben 
werden, der mit dem Ende einer 33 kV- 
Leitung verbunden ist. 


Ein auf der Unterspannungsseite des 
Transformators auftretender Fehler wird 
nicht unbedingt von der Schiitze am 
Anfang des Speisekabels entdeckt. Unter 
diesen Umstanden treten Probleme im 
Zusammenhang mit der Auslésung des 
Trennschalters am Speisepunkt auf. Das 
trifft besonders dort zu, wo der unter- 
spannungsseitige Fehlerpegel durch einen 
Erdungswiderstand begrenzt ist. Diese 
Schwierigkeit wird durch das Zwischen- 
auslésungsgerat tiberwunden, das von der 
Unterspannungsseite des Transformators 
betatigt wird. 

Jeder Endsatz des neuen Gerites Type 
SL54 hat seinen eigenen Sender und 
Empfanger. Wenn alles in Ordnung ist, 
wird tiber verbindende  Fernsprech- 
leitungen ein Dauerton bestimmter Fre- 
quenz zum Empfanger am anderen Ende 
der Leitung  iibermittelt. Wenn ein 
Fehler auftritt, wird diese Frequenz 
verschoben, und die vom entsprechenden 
Empfanger entdeckte Anderung betitigt 
ein Relais, das die erforderliche Tatigkeit 
einleitet. 

St6rungen im Zwischenauslésesystem 
werden angezeigt und falsche Betatigung 
der Schiitze verhindert. 
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ERICSSON TELEPHONES LTD 


Beeston, Nottingh 





DREHZAHLMESSER 
(Abbildung Seite 378) 


Das aus ETL-Bausteinen zusammenge- 
stellte Gerat benutzt eine 100 Hz-Bezugs- 
frequenz zur Messung von einer unteren 
Grenze, die nur von der Wirksamkeit des 
Gebers abhingt, bis zu 1 200000 UPM. 
Die 100 Hz kénnen von einer eingebauten 
oder Fremdquelle kommen. 


Zwei Eingangskanile sind fiir Impuls- 
amplituden von 0,1 V 1V oder 1V 
... 100 V bestimmt. Beide Kanile akzep- 
tieren sinusf6rmige sowie positivgehende 
Impulse von mindestens 4 us Dauer. 


Sowohl Zahlintervall als auch Anzeige- 
zeit kénnen zwischen 1 und 10 s einge- 
stellt werden, jedoch miissen sie zusam- 
men eine Gesamtzeit von 11 s ergeben. 
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GEBER MIT SCHAFTANTRIEB 
(Abbildung Seite 378) 


Der ,,Rotapulse“ ist ein photoelek- 
trischer Geber mit Schaftantrieb, der die 
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Winkelgeschwindigkeit seines Schaftes 
in eine bekannte Anzahl elektrischer 
Impulse pro Umdrehung umwandelt. 


Durch die Rotation des Schaftes 
wiederholen sich die durch Durchleuch- 
tung des Ubertragungsgitters hervorgeru- 
fenen Interferenzbilder periodisch; diese 
Wiederholung wird von einander gegen- 
iiberliegenden, gegensinnigen Photo- 
transistorpaaren wahrgenommen. Da also 
jedes Paar Signalen in Gegenphase aus- 
gesetzt ist, bilden beide zusammen ein 
Differenzsystem, das die héchste Impuls- 
zahl hervorruft. Das Gerit in Standard- 
ausfiihrung gibt 1000 Impulse pro Umdre- 
hung ab; Ausfiihrungen mit anderen 
Hochstwerten sind jedoch auch lieferbar. 

In der gezeigten Form durchdringt der 
Schaft des Rotapulse eine in 1000 Ein- 
heiten geeichte Scheibe. Drehen des auf 
dem Schaft befestigten Zeigers ruft eine 
Anzahl vom Rotapulse abgegebener 
Impulse hervor, die auf einem aus tran- 
sistorisierten Zahlerbausteinen Type 116A 
gebildeten, in zwei Richtungen regi- 
strierenden Zahler angezeigt werden. 
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LASTGEBER 
(Abbildung Seite 378) 

Die Nobel Lastzelle wird zur Befriedi- 
gung des wachsenden Bedarfs fiir eine 
schnelle, genaue und robuste Waage 
hergestellt und wurde fiir héchste Stabili- 
tit gegen Temperatureinfliisse, Drift der 
Ausgangsspannung innerhalb langer 
Zeitspannen und Anderungen unter 
Dauerbelastung entwickelt. Diese Kenn- 
zeichen bleiben auch in korrodierender 
Atmosphiare erhalten. Das Gehause des 
Lastgebers ist so konstruiert, dass ¢s 
Seitendriicke aushalten kann, die mit der 
Nennlast der Zelle vergleichbar sind. 

Wenn verschiedene Nobel-Zellen in 
einer Mehrfach - Waageneinrichtung 
benutzt werden, kann ein einziges Mess- 
geraét die Ausgangsspannung jedes ein- 
zelnen oder aller Geber anzeigen. 
Genauigkeit innerhalb +0,25% ist 
durchaus normal und kann iiber lange 
Zeitspannen eingehalten werden. Alle 
Lasten bis zu 22 680 kg kénnen mit den 
hergestellten fiinf Typen gewogen werden, 
die ausgestellt, aber nicht vorgefihrt 
wurden. 
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FERRANTI LTD 
Hollinwood, 
KOORDINATEN-PRUFMASCHINE 


(Abbildung Seite 378) 


Mit Hilfe dieser Koordinaten-Priif- 
maschine, die Dimensionen von Gegen- 
stinden mit einer Genauigkeit von 
0,0254 mm in der Hialfte der mit 
Messuhren erforderlichen Zeit messen 
kann, werden Messungen in Priifabtei- 
lungen erheblich beschleunigt. 


Lancashire 
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Ein Messfiihler mit auswechselbaren 
Spitzen geeigneter Form kann jede Stelle 
eines bearbeiteten Teiles berihren. Er 
wird auf einem iiber den Arbeitstisch 
herausragenden starren Trager gefihrt. 
Das zu priifende Werkstiick ist auf dem 
Tisch aufgespannt. 

Die x- und y-Achsen der Maschine 
sind mit elektro-optischen Abtastele- 
menten ausgeriistet. Durch zugeordnete 
Beugungsgitter ruft Bewegung entlang 
jeder Achse Moiré-Fransenmuster hervor, 
die Fotozeilen tiberstreichen, in denen 
Lichtstarkewechsel in elektrische Gréssen 
umgewandelt werden. Die periodischen 
Schwankungen werden in_ Transistor- 
Dekadenzihlern in beiden Richtungen 
registriert (ein Zahler pro Achse). 

Die Messwerte werden kontinuierlich 
in zwei fiinfstelligen Z&hlerreihen ange- 
zeigt. Die Position des Fiihlers kann fir 
jeden Punkt des x- und y-Durchgangs 
mit einer Genauigkeit von 0,001 Zoll 
(0,0254 mm) direkt abgelesen werden. 
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THE GENERAL ELECTRIC CO. LTD 
Magnet House, Kingsway, London W.C.2 
MIKROMETER MIT DEZIMALABLESUNG 


(Abbildung Seite 379) 


Die Vorfiihrung zeigte, wie Analog- 
Digitalumsetzer zur Erzielung héherer 
Auflésung verzahnt werden kénnen. Je 
einer der vier _ bindrverschitisselten 
Dezimal-Digitalumsetzer Grésse 11 stellt 
eine Dezimalziffer in einer numerischen 
Darstellung der Mikrometereinstellung 
in zehntausendstel Zoll (0,00254 mm) dar. 
Alle Schaltungen sind transistorisiert. 


Die Verzahnung zwischen den 
Umsetzern ist nicht kritisch, da diese 
zusatzliche Wicklungen haben, die mittels 
einer Hilfsschaltung Mehrdeutigkeit 
verhindern. Dazu wird die geltende Ziffer 
des feineren jedes Umsetzerpaares 
benutzt, um die Erregung des gréberen 
Umsetzers von einer Wicklung zur 
anderen zu schalten., 


Die Umsetzer werden durch Recht- 
eckwellenformen erregt, die in einem 
Transistor-Multivibrator erzeugt werden. 
Die hervorgerufenen Ausgangsspan- 
nungen der Umsetzer werden verstarkt, 
die Phase festgestellt, in bistabilen Schal- 
tungen gespeichert und dann mittels 
Relais entschliisselt, die die numerische 
Anzeige treiben. 
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VIBRATOR-ANTRIEBSGERAT 


Die Konstruktion dieses Gerites, das 
alle fiir den Betrieb eines VEM 5,2 oder 
ahnlichen Vibrators erforderlichen Funk- 
tionen erfillt, erméglicht Bedienung 
durch Fabrikarbeiter. 


Der Vibrator wird von einem verzer- 
rungsfreien Verstarker mit einer Nenn- 
leistung von 2,5kW im Frequenzbereich 
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30Hz...10kHz betrieben. Die Be- 
schleunigung kann mittels eines schnell- 
ansprechenden g-Reglers, der von jedem 
der drei Beschleunigungsmesser gesteuert 
werden kann, in sehr engen Grenzen 
kontrolliert werden. Sie wird unabhingig 
auf einem Messgerat mit logarithmischer 
Skala von 2... 100g angezeigt. 


Sowohl eine Fremdsignalquelle als 
auch eine der beiden eingebauten Signal- 
quellen kann benutzt werden. Der einge- 
baute, motorgetriebene Kipposzillator 
wird vollkommen von der Frontplatte 
aus geregelt und iiberstreicht alle vorge- 
wahliten Grenzen im 30Hz... 10 kHz 
Bereich mit Ablenkgeschwindigkeiten 
von 4... 140s/Oktave. Mittels eines 
handbedienten Reglers kann jede ge- 
wiinschte Einzelfrequenz eingestellt und 
danach unbegrenzt festgehalten werden. 

Das eingebaute doppelspurige Magnet- 
tonband hat eine automatische Umkehr- 
vorrichtung und eine Wiedergabedauer 
von 30 Minuten, die mit einer Umkehr- 
zeit von unter fiinf Sekunden unbegrenzt 
wiederholt werden kann. 
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GENERAL PRECISION SYSTEMS 
LTD 
Aylesbury, Buckinghamshire 
ANALOGRECHNER-BAUSTEINE 


Aus dem Fertigungsprogramm der 
Gleichstrom-Bausteine fiir Analogrechner 


wurden gezeigt: 


Funktionsgeber 


Dieser diodengeschaltete elektronische 
Funktionsgeber ist fiir Eingangsgleich- 
spannungen bis zu +100 V _ konstruiert. 
Die Ausgangsgleichspannung kann auch 
bis zu +100 V gehen und fiir jede 
gewiinschte Funktion der Eingangsspan- 
nung eingestellt werden. Die Funktion 
ist na&herungsweise eine Reihe gerader 
Linien. Das wird durch Unterteilung des 
Bereiches in 10 Abschnitte erreicht, die 
duch 9, fiir jede Grésse der Eingangs- 
spannung cinstelibare ,,Knickpunkte“ 
getrennt sind. Jeder Abschnitt folgt einer 
geradlinigen Funktion, deren Neigung 
von 0 bis 10 : 1 variabel ist. Die Ein- 
stellelemente sind nahezu unabhingig 
voneinander, und die einmalige Einstel- 
lung jedes Elementes ohne Nachregelung 
gibt eine Gesamtgenauigkeit von +2%. 
Die Bandbreite ist 2 kHz. Das Gerit ist 
komplett mit eingebautem Verstarker. 


Funktionen kénnen auch _ mittels 
angezapfter Widerstandskarten durch 
Servo-Multiplikatoren erzeugt werden. 


Servo-Multiplikatoren 


Dieser langsame Servo-Multiplikator 
besteht aus einem Velodyne-Motor- 
generator, der drei Potentiometer treibt. 
Eins der Potentiometer wird fiir Moto- 
renregelung benutzt und kann fiir Inte- 
gration abgeschaltet werden. Ein zwei- 
gingiges Getriebe ist Standardausriistung, 
andere Getriebe kénnen jedoch angebaut 
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werden, so dass ein Integrationsbereich 
von 4 Periode pro Sekunde bis 1 Periode 
pro 8 Stunden méglich ist. 


Die anderen zwei Potentiometer haben 
9 Abgriffe, so dass mit geeigneter 
ohmischer Belastung die verschiedensten 
Funktionen niaherungsweise  eingestellt 
werden kénnen. Zwei weitere Potentio- 
meter kénnen angebaut werden. 


Ein schneller Servo-Multiplikator, des- 
sen Drehpotentiometer durch einen MES- 
Servomotor getrieben werden, ist auch 
lieferbar. Eine max. Geschwindigkeit von 
10 Hz wird erreicht, und drei oder sechs 
Potentiometer kénnen anmontiert werden. 
In jedem Fall dient ein Potentiometer der 
Motorregelung, eins hat 9 Abgriffe, und 
der Rest hat Mittelabgriffe. 
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LIVINGSTON LABORATORIES LTD 
Retecar Street, London N.19 
SAMPLING-OSZILLOGRAPH 


(Abbildung Seite 379) 


Der Hewlett-Packard Oszillograph 
185A bildet zusammen mit dem Doppel- 
spurenverstarker 187 ein System zur 
Sichtbarmachung schneller Impuls- 
vorginge, die eine Bandbreite bis zu 
500 MHz voraussetzen. Aufeinanderfol- 
gende ,,Teilbilder’* (samples) des unter- 
suchten Impulses werden bei jeder 
Wiederkehr etwas spiter abgetastet. Die 
Teilbilder werden dann auf einer langen 
Kippschwingung rekonstruiert, wobei das 
System eine effektive Anstiegszeit von 
0,7 us hat. 


Die Anzahl der Teilbilder pro Spur 
kann auf der Frontplatte eingestellt 
werden. Durch umfangreiche Trigger- und 
Ablenkdehnungsmédglichkeiten kénnen 
Anstiegs- und Riickflanken der Impulse 
eingehend untersucht werden. 


Durch gleichzeitige Darstellung des 
Zeiteicherausgangs unter Benutzung des 
zweiten Kanals kénnen genaue Messungen 
von Anstiegszeit, Dauer und Intervall 
ausgefiihrt werden. Auch fiir Betrieb 
eines X-Y-Schreibers ist eine Ausgangs- 
spannung vorgesehen, so dass Dauer- 
aufzeichnungen schneller Vorginge aus- 
gefiihrt werden kénnen. 

Die Empfindlichkeit jedes Kanals ist 
unabhingig mit geeichten Bereichen von 
10 mV/cm...200 mV/cm und +5% 
Genauigkeit; die Eingangsimpedanz ist 
ungefahr 100 k© parallel zu 2 pF. 
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OSZILLOGRAPHKAMERA 

Mit der Hewlett-Packard Oszillograph- 
kamera 196A _ mit _ ,,Polaroid-Land“- 
Riickseite kénnen positive fotografische 
Aufzeichnungen einer Oszillographenspur 
in wenigen Minuten hergestellt werden. 

Die Spur kann wahrend der Aufnahme 
durch einen Tubus beobachtet werden; 
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die f/1,9 Speziallinse gibt die volle 10 cm- 
Rasterbreite ohne merkliche Herabset- 
zung der Schirmauflésung auf dem Bild 
wieder. Das Grdéssenverhdltnis zwischen 
Schirmbild und Aufnahme ist 1 : 0,9. 


Verwendung normaler Kamerabalgen 
vermeidet Lichteinfallprobleme; fiir Mehr- 
fachbelichtung kann die Linse durch 11 
gerastete Positionen gedreht werden. 


Die Kamera wurde in erster Linie fiir 
HP-Oszillographen entwickelt. Fir Ein- 
satz mit Tektronix-Oszillographen ist 
jedoch ein Zwischenstiick lieferbar. 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
RATEMETER 
(Abbildung Seite 379) 


Das Gerat (Type TF1292) gibt eine 
Messgeratanzeige fiir Zahiraten oder 
integrierte Zédhlung von Kernteilchen 
und Strahlendetektoren. Die Za&hlraten- 
bereiche sind bei Vollausschlag 30, 100, 
300 und 1000 pro Sekunde. Fir diese 
Bereiche kann eine Zeitkonstante von 
1,5 oder 20 Sekunden eingestellt werden. 
Bereiche fiir integrierte Zahlung zeigen 
bei Vollausschlag 1000, 3000, 10 000 und 
30000 Impulse an. 


Eine der beiden einstellbaren Hoch- 
spannungen ist fiir einen Kernteilchen- 
oder Strahlenzahler bestimmt, die andere 
fiir eine Niederschlagskammer. Ausser- 
dem sind Anoden- und Heizspannung 
fiir zusdtzliche Vorverstarker vorgesehen. 


Das Gerat ist fiir viele Strahlenmess- 
zwecke in industriellen Verfahren und 
Laboratorien geeignet. Es kommt beson- 
ders fiir Uberwachung der Kihlmittel- 
gase in Kernkraftwerken infrage und 
kann daher fehlerhafte Brennstoff- 
elemente entdecken. In diesem Fall 
werden die Ausgangsimpulse eines Szin- 
tillationszahiers gemessen, der auf die 
radioaktiven Teilchen im Gas reagiert; 
die ionisierten Teilchen schlagen sich auf 
einem Draht nieder, der vom Ratemeter 
mit einer anziehenden Hochspannung 
gespeist wird. 

Fernsteuerung und ~-anzeige sowie 
Alarmschaltungen fiir eine vorgew&hlte 
Messgeratanzeige oder Stromversor- 
gungsausfall sind vorgesehen. Ausser der 
Instrumentanzeige der Zahlrate oder des 
Z&hlstosses auf der Frontplatte sind zwei 
proportionale Ausgangsspannungen von 
50 V und 100 mV (Vollausschlag) fir 
andere Gerite vorgesehen. Die niedrigere 
Spannung ist besonders fiir Schreiber 
gedacht. 
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ANALOG-DIGITALUMSETZER 
(Abbildung Seite 380) 


Der volitransistorisierte Analog- 
Digitalumsetzer TF 1325 wird benutzt, 
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um Anzeige-, Registrier- und Verarbei- 
tungsgeraten die Werte angelegter Gleich- 
spannungen von 0...0,999 V zuzuleiten. 
Der binadrverschliisselte (+10/0 V) drei- 
stellige Dezimalausgang hat eine Genau- 
igkeit von +1 mV. Die Abtastperiode 
ist 20 ms und kann ferngesteuert werden. 
Ein Stufensignal zeigt an, wann das 
Abtasten beendet ist und ein Resultat 
zur Verfiigung steht. Der Eingangsstrom 
ist dann unter 0,15 wA. 

Der Umsetzer ist hauptsachlich dazu 
bestimmt, eine Eingangsgleichspannung 
aufzunehmen, den Pegel abzutasten und 
das Resultat schnell und genau in 
Digitalform zur Verarbeitung in 
Entschliissler, Zeilendrucker oder elek- 
trischer Schreibmaschine weiterzugeben, 
was eine Aufzeichnung fiir spiteren 
Nachweis sicherstellt. Auf diese Weise 
findet er besonders fiir wiederholte 
Uberwachung des Strahlungsniveaus an 
verschiedenen Stellen eines Kernkraft- 


werkes Verwendung. An den einzelnen 
Stellen auftretende Spannungen werden 
der Reihe nach in den Umsetzer gespeist 
und brauchen nur wahrend der Abtast- 
periode gleichmiassig zu sein. 


Wegen seiner grossen Schnelligkeit 
eignet sich der Umsetzer auch als 
Translationswandler einer Analogspan- 
nung in die fiir Datenverarbeitungsan- 
lagen erforderliche Digitalform. 


Normalerweise wird der Umsetzer in 
einem Gehiduse fiir Messplatzarbeiten 
geliefert; er kann aber auch fiir Einbau 
in ein Gestell bestellt werden. 
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MULLARD LTD 
Mallard House, Torrington Place, London W.C.1 
LEGIERUNGS-DIFFUSIONS-TRANSISTOREN 
Die Legierungs - Diffusions - Technik 
wurde schon bei der Massenproduktion 
der Transistoren OC170 und OCI171 
benutzt, die weitgehend fiir ZF- und HF- 
Verstarkung in KW- und UKW- 
Empfangern Verwendung finden. Unter 
den kiirzlich fiir Nachrichtenverkehr, 
Rechner und Industriezwecke entwickel- 
ten Elementen befinden sich: 


Transistoren fiir den 
UKW-Nachrichtenverkehr 


Der UKW-Transistor AFZI1 wurde 
besonders als gerduscharmer Transistor 
fiir 100 MHz-Verstérkung in Nach- 
richtenanlagen entwickelt. Durch die 
besondere  Fertigungstechnik wurden 
Basisstérwiderstand und Riickkopplungs- 
kapazitét niedrig gehalten; bei 100 MHz 
gibt der Transistor eine héhere Leistungs- 
verstarkung als 10 dB. Fiir dieselbe Fre- 
quenz ist der Rauschfaktor nicht héher 
als 10 dB. Die mittlere Stromverstarkung 
ist 50. 


Fiir den vollen Nennstrom von 10mA 
ist die Kollektorspitzenspannung —20V 
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und die Emitterspitzen —12 V. Bei 25°C 
und einer Kollektorspannung von —6 V 
ist der durchschnittliche Kollektorrest- 
strom 4uA. Die max. Kristalltemperatur 
ist 75°C und der Warmewiderstand 
0,6°C/mW. Das erlaubt eine Verlust- 
leistung von 5SOmW bei 45°C Umge- 
bungstemperatur. Der Transistor wird in 
einem Metallgehduse geliefert. 


Dem AFZI1 wird bald ein weiterer 
Transistor fiir dieselben Anlagen folgen, 
der bis zur doppelten Frequenz einge- 
setzt werden kann. In den 200 MHz- 
Stufen der Nachrichtenverkehrsanlagen 
wird der Transistor bei einem Rausch- 
faktor unter 9dB eine Leistungsver- 
stirkung liber 10dB haben. 


Sehr schnelle Rechenlogik 


Ein Legierungs-Diffusions-Transistor 
mit guten Kenndaten fiir Grossignale 
wird in Kiirze fiir logische Schaltungen 
sehr schneller Rechner zur Verfiigung 
stehen. 


Der Transistor ist ein dusserst hochent- 
wickeltes Element, das den Anspriichen 
zukiinftiger Rechner mit Taktfrequenzen 
bis zu 10MHz gerecht werden wird. 
Ausserdem wird er eine Grenzfrequenz 
von mehreren hundert MHz, ausgezeich- 
nete Kniespannungskenndaten fiir 50mA 
Kollektorstrom und eine fiir seine Ver- 
wendungszwecke ausreichende Verlust- 
leistung haben. 


Der Transistor wurde in einer logi- 
schen Schaltung mit niedrigem Span- 
nungspegel in einem 10 MHz Dekaden- 
zahler vorgefiihrt. 


Schneller Hochstrom-Kerntreiber 


Dieser Transistor wird als Treiber fiir 
schnelle Rechner-Magnet-Kernspeicher 
im Zusammenhang mit dem_ oben 
erwahnten schnellen Logik-Transistor 
entwickelt. 

Er kann Ausgangsimpulse von meh- 
reren hundert mA mit dusserst kurzen 
Anstiegszeiten abgeben. Der Kollektor- 
spitzenstrom ist } A und der f, Para- 
meterwert héher als 60 MHz. 


Das Element wurde in einem schnellen 
Hochstrom-Impulsgenerator fiir 0O,5A 
Ausgangsimpulse mit mittlerer Anstiegs- 
zeit unter 40 us vorgefiihrt. 


Auf Grund seiner HF-Leistungskenn- 
daten ist der Transistor auch fiir Trager- 
frequenzfernsprecher und -sender geeig- 
net, in denen er 3 W bei 8 MHz und bis 
zu 1W bei héheren Frequenzen abgibt. 
Er wurde in Treiber- und Endstufen 
eines 2,5kW-Senders bei 8 MHz vorge- 
fiihrt. 


PNPN-Schalttransistor 


Fiir den ATZ10 wurde die Legierungs- 
Diffusions-Technik zur Herstellung eines 
4-schichtigen pnpn-Schalttransistors wei- 
terentwickelt. 

Seine Eigenschaften erméglichen die 
Entwicklung von Flip-flop, nichtstabilen 
und monostabilen Schaltungen, in denen 
statt der normalerweise bendtigten zwei 
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herkOmmlichen 3-schichtigen Elemente 
ein ecinziger pnpn-Transistor verwandt 
wird und dadurch Platz und zugehdérige 
Bauelemente gespart werden. Ausserdem 
ist er fiir geschaltete Gesprachswege in 
automatischen Fernsprechanlagen geeig- 
net. 

Der ATZI1O ist ein Transistor mit drei 
Anschliissen, dessen Wirkungsweise einer 
Kombination eines pnp- und eines npn- 
Transistors mit interner Regeneration 
ahnlich ist. Diese Konstruktion § gibt 
ausgesprochen negative Impedanzkenn- 
linien itber einen breiten Netzstrom- 
bereich und macht den Transistor fiir 
Verwendung als schnellen elektronischen 
Schalter im Impulsbetrieb  geeignet: 
,ein*-geschaltet bleibt er automatisch 
unter dem Knie, bis durch einen Impuls 
,.aus“-geschaltet wird. 


Fiir den ATZ10 ist ein héheres. ,,aus- 
ein“ Impedanzverhiltnis als 3 Millionen 
zu 1 kennzeichnend. Spitzenspannung 
und -strom sind ungeféahr —35V bzw 
25mA. Die max. Kristalltemperatur ist 
55°C und erlaubt eine max. Gesamtver- 
lustleistung von 17mW in einer Umge- 
bungstemperatur von 45°C. 


Auf der Ausstellung wurde ein mit 
zehn ATZIO bestiickter Dekaden-Ring- 
zihler mit einer Impulsfrequenz von 
30 kHz gezeigt. 


Lawinen-Transistor mit 1 ns Anstiegzeit 


Dieser Transistor arbeitet nicht wie die 
iiblichen Transistoren und benutzt den 
»Lawinen“-Vorgang. Er stellt eine Son- 
derentwicklung der Legierungs-Diffusions- 
Technik dar und ist tiberall dort niitzlich, 
wo ungewodhnlich kurze Anstiegszeiten 
erforderlich sind, wie z.B. in Sampling- 
Oszillographen. 


Ein Spitzenstrom von S50mA_ kann 
nach einer Anstiegszeit von nur | ns 
erreicht werden. Das entspricht einer 


Stromanstiegsrate von 50 A/us. 


Auf der Ausstellung wurden in einer 
Lawinen-Schaltung 50mA-Impulse mit 
einer Anstiegszeit von ungefahr | ns bei 
einer Impulsfrequenz von 4 MHz erzeugt 
und mittels eines Sampling-Oszillogra- 
phen vorgefiihrt, der selbst mit einem 
Lawinen-Transistor in Abtastschaltung 
bestiickt ist. 


Schalt-Transistor 


Der bereits lieferbare ASZ20 Tran- 
sistor ist fiir Schaltzwecke einschliesslich 
logischer Rechnerschaltungen bestimmt. 


Der Spitzenstrom ist 25mA und die 
Kollektorspitzenspannung —40V; f, ist 
héher als 40MHz, und bei 25mA 
Kollektorstrom ist die min. Grossignal- 
Verstirkung 33. Die max. Kristall- 
temperatur ist 75°C und der Warme- 
widerstand 0,6°C/mW. Das ergibt eine 
Verlustleistung von S5O0mW in 45°C 
Umgebungstemperatur. Fir —6 V ist der 
Kollektorstrom bei 25°C unter 5 “A. 


Die Demonstration zeigte den ASZ20 
in einer stromschaltenden Logik, in der 
die Verzégerung pro Stufe nur 25 ns ist. 
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Zusammenfassung 
der wichtigsten Beitrage 


Ein transistorisiertes Miniaturecholot von R. N. B. Gatehouse 


Der Beitrag beschreibt Entwicklung und Hauptkonstruktionsmerkmale eines sehr kleinen und 
Zusemmenfassung des robusten Echolots, das in 3,5 . . . 58,5 m Tiefe benutzt werden kann. Das Gerdt ist fiir Hydrografie, 
Beitrages auf Seite oe 340 Vermessungen zum Verlegen von Unterwasserrohrleitungen, Navigation von Jachten und kleinen 
Fischereischiffen und dhnliche Zwecke geeignet. Es wiegt komplett 2,5 kg, verbraucht 0,1 W und 

hat eine dem jeweils grésseren Wert entsprechende Genauigkeit von +-3°% oder 15,24 cm. 


Eine passive wellenformende Schaltung von M. J. Wright 
Eine einfache Schaltung, die verschiedene wellenformende Funktionen ausfiihren kann, wird 
Zuscumentenng des beschrieben. Trotzdem keine aktiven Bauelemente Verwendung finden, kénnen scharfe Ubergangs- 
; ! spriinge der Ausgangsspannung erzielt werden, die in Bezug auf die Eingangsspannung verzdégert 
Beitrages auf Seite 341-343 ~* ie : ee ‘ > ~* pe : is 
sind. Zu den Verwendungs méglichkeiten gehéren: 1) Impulsverldngerung, 2) 90° Phasendnderung 
einer Rechteckwelle, 3) kombiniertes Ausfiltern und Begrenzen, 4) Impulslangenmodulation. 


Eine einfache mehrdimensionale Sichtanzeige von D. M. MacKay 


Funktionen von zwei oder mehr Variablen kénnen auf dem Schirm einer Elektronenstrahlréhre als 
zweidimensionale Projektionen der Oberfldche, die sie bestimmen, dargestellt werden. Der Pro- 
jektionswinkel kann durch Rotieren von Potentiometern gedndert werden, die bestimmen, in welchem 
Verhdltnis die verschiedenen Eingangsspannungen zur X- und Y-Ablenkung beitragen. 

Zusammenfassung des ‘ : z : halite sag 4 
Am besten wird das mittels Sinus-Kosinus Potentiometern mit vier Schleifkontakten und Anpassungs- 
Beitrages auf Seite 344-347 Ms > a te : - 
verstarkern getan, jedoch werden iiberraschend zufriedenstellende Resultate mit einfacheren 
Schaltungen erreicht, die nur lineare Tandempotentiometer und einige sorgfaltig ausgesuchte Wider- 
stinde benétigen. Die Ausgangsspannungen fiir eine vollstereoskopische Darstellung kénnen mit 
geringem zusdtzlichen Schaltungsaufwand erreicht werden. 


Die Nachbildung von Ubergangsfunktionen auf einem Analogrechner von F. C. Harbert 


Der Beitrag beschreibt eine Schaltung mit einem Verstadrker, in der Doppelintegration vorgenommen 
Zusammenfassung des wird, und eine Methode zur kiinstlichen Darstellung vielgliedriger Ubergangsfunktionen mittels eines 
Beitrages auf Seite 354-355 - ; . sii 
Analogrechners. 


Die Durchbildung optischer Digitalmessgerate von I. R. Young 
Zuerst werden Konstruktionserwdgungen fiir optische Messgerate besprochen. Es wird betont, 
wie wic. ig es is x ie 2 y ) 2 ic 1. ie ve 7 ur ies fii d = 
Zusemmenfessung des wie wit htig es ist, dass dic Ablesung sofort vorhanden ist, wenn sic verlangt " ird, da dies fiir Abtast 
: systeme (time sharing) wiinschenswert ist. Einige Instrumente niedriger Auflésung werden beschrieben 
Beitrages auf Seite 359-365 he = - ‘ee ‘ : 
und die Verwendung der von ihnen abgelesenen Daten angegeben. Schliesslich werden die mit 
Durchkonstruktion von Instrumenten hoher Auflésung zusammenhdangenden Probleme kurz erwdahnt. 


Der Einfluss der Giessharzumiillung auf elektronische Bauelemente von F. P. Campbell 


Es ist schon lange bekannt, dass das Vergiessen elektronischer Schaltungen die Leistung beeinflusst- 
Die Wirkung des Vergiessens auf iiblicherweise benutzte Bauelemente wird beschrieben. 
Rohren kénnen ohne Bedenken vergessen werden, solange zur Ableitung eigenentwickelter Warme 
und zum Schutz des Glaskolbens die richtigen Techniken angewandt werden. Transistoren und 
Zusammenfassung des Kondensatoren bieten kaum Schwierigkeiten. Der Einfluss des Vergiessens auf Transformatoren und 
Beitrages auf Seite 366-371 Drosseln wird beschrieben. Drahtwiderstdnde eignen sich nicht zum Vergiessen, wenn sie eine hohe 
Verlustleistung haben. 
Der Einfluss auf Masse- und Schichtwiderstande ist fiir die verschiedenen Fabrikate unterschiedlich 
und ein Versuch wird beschrieben. Die Ursachen fiir Anderungen in den Bauelementen werden 
zusammengefasst. 


Ein stabilisiertes und programmgesteuertes Netzgerit mit positiver Gegenkopplung von M. Pacack 
Zusemmenfessung des Ein stabilisiertes Netzgerdt fiir den Magneten eines Massenspektrometers wird beschrieben. Die 
Beitrages auf Seite 372-373 Ausgangsspannung ist von 3 . . . 800 V stufenlos regelbar oder kann durch eine RC-Schaltung 
e programmgesteuert werden. Im Verstarker des Stabilisators findet positive Gegenkopplung Anwendung. 
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the most 
advanced 


MULTI-RANGE 


TEST METERS 


ever 





designed... 


Accurate readings can be taken 


with the instrument in any 


rectifier, transformer,movement, 


position. The resistors, 4 ) Ht 


switches and automatic cut-out a 

are mounted on a robust Z S E L i C T E S T 
printed circuit board, enclosed p 

in a strong attractive, 4 


two-tone dustproof case, with : SUPER K & SU PER 50 


a unique carrying handle. 


Send for leaflet No. SK50/6002/EE 
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SALFORD ELECTRICAL INSTRUMENTS LTD. 
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ANOTHER 


POWER SUPPLY BY 


Advance 


THE PPS 


Specifically designed to satisfy the requirements for a compact 
high-grade power supply at low cost, the PPS incorporates a 
unique electronic cut-out, protecting both instrument and 
load, and is therefore ideal for developing and testing 
transistor circuits. 

STABILISED D.C » eae _ > sam Output continuously variable from 0 to 15V 


Maximum load current 0°5A 


e 


, 4 
*.. 9. 
*’ ae X . Output impedance: d.c.—less than 0.01 ohms 


Advanes_ 


a.c.—less than 0.2 ohms (up to 100 ke/s) 
Ripple less than 1 mV peak to peak 
Dual range voltage and current meter 


Electronic cut-out adjustable from 50 to 500 mA 


Nett price in U.K. £40 
Leaflet No. B102 available on request 


in their range of 


LABORATORY GRADE 
STABILIZED POWER SUPPLIES 


VERSATILE * LOW SOURCE IMPEDANGE «+ POSITIVE OVERLOAD PROTECTION 
PPI 


Comprehensive supplies—h.t. and 1.t. 
stabilized 0-600V, 300 mA; -150 V, 30 mA; 
0-150 V, 5 mA, two 6.3, 4A a.c. 

H.T. source impedance variable from 

0.1 to 40 ohms. Artificial ripple injection 


Nett price in U.K. £150 
Leaflet No. C.60 available on request 


PP3 


Two supplies: 0 to 30 V, 1A; max. 
Up to 60 V by series connection 
Ripple less than 1 mV p.p. 


Nett price in U.K. £110 
Leaflet No. C62 available on request 


Advance COMPONENTS LIMITED 


. ee INSTRUMENTS DIVISION ). 
ROEBUCK ROAD * HAINAULT « ILFORD © ESSEX * TELEPHONE * HAINAULT 4444 
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STC 


BACKWARD WAVE 
OSCILLATORS 


‘Cc’ BAND ‘Q’ BAND 


LINE VOLTAGE 270-1500 V LINE VOLTAGE 700-3200 V 
FREQUENCY RANGE 4.0—7.5 Ge/s FREQUENCY RANGE 26.5—40 Gc/s 
POWER OUTPUT 20-120 mW POWER OUTPUT 10-60 mW 
TYPICAL CATHODE CURRENT 12 mA TYPICAL CATHODE CURRENT 10 
Output is through a 502 type Output is through standard 
‘C’ connector. WG 22 waveguide. 


Supplied with solenoid focussing Supplied with solenoid focussing 
under code Y257/1E or permanent magnet only, under code Y330/1E 
focussing under code Y257/2E 


Standard Telephones and Cables Limited 


COMPONENTS 
ee Registered Office: Connaught House, Aldwych, London W.C.2 
VALVE DIVISION « FOOTSCRAY -: SIDCUP + KENT 
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Two of model 

V300/200 mounted in 

one suitable frame 
measuring 173° x 173° x7". 
This shows one of 

many methods of 
mounting these units 





Brandenburg recognize the importance all models—types V and HV 
polarity reversible 
0-1 ohm 
against + or —10% mains change: 0-02% 
| han ImV 
power supplies; and the improved design i 200/250 volts, 50 cycles 
output a.c. 100 and 200 mA models: 4x6-3V, 1-5A. 
for rack mounting of the new Brandenburg 350 and 500 mA models: 2x 6-3V, 5A. All 
can be paralleled 
—- dimensions 100 and 200 mA models: 153” x 53” x 6}” high. 
V’ range introduces a wide centre 350 mA models: 153”x 74" x 74” high. 500 mA 
: models: two chassis, each 153” x 53” x 63° 
ventilation. Additionally, there is easier high. Flanged open chassis, with brackets 
available for converting all models to front 


access to all components panel mounting 


of adequate ventilation in regulated unit 





D.C. output D.C. output D.C. output 
Model Model Prices High current Prices 
Volts models | voits | Amps 
200/100 v200/350 | 200 

250/100 £37 10 0| 250/350 | 250 £64 0 0 tit myn = £140 0 0 
V300/100 ex-works| 300/350 300 ex-works HV350/1A | 350 ex-works 
V350/100 V350/350 . 


vasbra00 eee, | oe HV250/2A | 250 £230 0 0 
300/200 £48 10 0 vaanane = _ © < HV300/2A | 300 ex-works 
ex-works Hi 11v350/2A | 350 


V350/200 ex-works| V350/500 
V400/150 complete with 19° front panel and assembly 





















































Brochure on request: for further specifications of the Brandenburg ‘V" range please write for brochure 


BRANDENBURG LIMITED 
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standard high voltage regulated power 
supplies—up to 100 kV. 


5, 10, 20 and 30 kilovoit regulated supply 





Type $0530, model C 


output 
input 
polarity 
regulation 


50 kilovolt regulated supply 


dimensions 


output current 


output voltage 
polarity 

ripple 
regulation 


input 
metering 


dimensions 
weight 
price 


Type MRSOR 


Type $0530 

| to 10 kV at 2mA. Model A 

2 to 20 kV at | mA. Model B 

3 to 30 kV at 4 mA. Model C 

500V to 5 kV at 2 mA. Model D 
200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5%. 
Against mains variations of plus or 
minus 7%, better than 1% 

5” Ernest Turner movement 

current metering jack 

standard 19 x 104" P.O. panei 

for rack mounting or bench use 


£135 ~~ 


Models A, B and C can be supplied with 
reversible output polarity at £165 


output 


input 


polarity 
regulation 


Type MRSOR 

5kV to SOkV at ImA 

200/250 volts 

reversible 

against full load: better than 1% 

Against mains variations: +5%,—5%, better than 1% 
W: 24” H: 23” D: 15” 


 —_ 


100 kilovolt regulated power!supply 
Type MR! 00R—3—~models 

0.5 mA. Model MRIOOR/500 

| mA. Model MRIOOR/! 

2 mA. Model MRIOOR/2 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to full load: better than 1°/,. Against mains 
variations of plus or minus 7%, better than 1% 
200/250 volts, 50 cycles 

output voltage and current metered by 5’ 
Ernest Turner, Model 605 

overall: H: 4’ 6”, W: 2’ 0’, D: 2’ 3” 

268 Ibs. (121 Kgs.) 

MRIOOR/500 = £525 0 0 

MRIOOR/I = £680 0 0 

MRIOOR/2 = £745 0 0 

MOBILE BASE £18 0 © 

all ex-works 


Brochure on request: for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure 
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DEVELOPMENTS CO. LTD. 
ULVERSTON NORTH LANCS  Ze/: Ulverston3306 





Delay Lines 


Concentric 
Piston 
Condensers 


Miniature 
Air Dielectric 
Trimmers 


Tempatrimmer 

Adjustable for 
Temperature 
Coefficients 


P.T.F.E. Stand-Off 
and Lead-Through 
Insulators 


Ceramic Stand-Off 
Insulators 


Multi-Tag 
Insulators 





nee . _——__—_ _“aaeenn 
DEVELOPMENTS (DEAL) LTD. '‘*** 
72-74, DOVER ROAD, WALMER, KENT. 


SPECIALISTS IN SUB-MINIATURE TELECOMMUNICATIONS COMPONENTS 
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RELIABLE PERFORMANCE 


demands 


STC components 


The standard of reliability of STC components is set by the vital 
roles of the navigation and communications equipments in 
which many of them are used. The consequent employment of 
top grade materials and high degrees of skill and care in 
manufacture ensures that all users of STC components 

may have the fullest confidence in them 


® 
wy) 


YOU CAN RELY ON STC COMPONENTS 


Brimar Teletubes Germanium Photocells Selenium Rectifiers - Silicon 
Brimar Valves - Brimistors Hermetic Seals - High Rectifiers - Silistors 
Capacitors - Contact Cooled Stability Resistors - Magnetic Suppressors + Transistors 
Rectifiers - Ferrites Materials - Quartz Crystals Thermistors - Transformers 
Germanium Diodes Relays - Special Vaives Zener Diodes 


Get to know the range of STC Components—write for booklet M/103 
which lists all components and their relevant technical literature. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP , FOOTSCRAY , SIDCUP . KENT 
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UNDER ONE ROOF 


INSTRUMENTS FROM A SELECTION OF 


THE WORLD’S BEST MANUFACTURERS 


IN BOTH GREAT BRITAIN AND OVERSEAS 





Bien a \ eninns eneeaweene 
@ PALO ALTO], CALIFORNIA 
R= 


VARIAN’S 
Vac-lon 


HIGH CAPACITY 
HIGH VACUUM 


ION PUMPS 


In the field of instrumentation, Livingston Laboratories offer 
a unique service in the form of expert advice in the choosing 


of test equipment to meet your needs. 


The relevant factors are not who makes it or where it is made, 
but will it do the job? At Retcar Street you can discuss the 
technical problems of instrumentation and the new techniques 
developed both in this country and abroad. If it is impossible 
to call—write or telephone about your particular problem 
or requirement and our representatives will supply you with 


full information. 


NEW TOOL FOR HIGH VACUUM SPECIALISTS 
Introducing a whole new series of ion pumps that 
will develop absolutely clean vacuum, better than 
10-9 mm Hg. They are available in pumping capacities 
of 100 and 250 litres/second. Larger sizes can be 
supplied on special order. They offer tremendous 
advantages in such applications as particle accelera- 
tors, space research chambers, fusion processes, 
mass spectrometers, electron microscopes, vacuum 
tube processing—whenever uncontaminated ultra- 
high vacuums are required. 


KLYSTRONS, TRAVELLING WAVE TUBES, 
BACKWARD WAVE OSCILLATORS, HIGH 
VACUUM PUMPS. 


Some of the manufacturers outside Great Britain whom we 


represent and for whose products we offer full service facilities : 


BIRD ELECTRONIC CORP., KAY ELECTRIC 
COMPANY, DYMEC, ARTHUR KLEMT, EMPIRE 
DEVICES, RADIOMETER, ELECTRONIC 
ASSOCIATES, R.F. EQUIPMENT, FAIRCHILD 
POLAROID § (Oscilloscope/Cameras), S.1.D.E.R. 
GERTSCH PRODUCTS Cc. TEKTRONIX, 
HEINZ GUNTHER NEUWIRTH, VARIAN 
ASSOCIATES (Microwave Division), HEWLETT- 
PACKARD, WAVEFORMS INC. 


LIVINGSTON LABORATORIES LTD. 


RETCAR STREET 
Telephone: Archway 6251 


LONDON N.1I9 
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proved 
reliability 


CAPACITORS 


The use of STC Capacitors in vital 
communication and navigation equipment 
throughout the world acknowledges 
their high degree of reliability. 
Equipment which must operate with 
unfailing efficiency over very long periods 
demands critical performances from 
every component. This standard of 
performance is met by STC Capacitors. 
The production techniques for these 
special applications were evolved from 
established processes for all STC Capacitors 
a guarantee of consistency and of 
efficiency in your equipment. 


Extensively life tested to establish 
long-life performance. 


Manufactured in closely 
controlled atmospheres. 


Process controlled at all stages 


f ‘ap tors are used in very many types ¢ 
_, STC Capacitors are usec ) ERY SUES of production. 
airborne radio-navigation and radio-communications 


equipment. Flight safety and operational efficiency Tested on equipment specially 


depend largely on the accuracy and reliability 
of these equipments which, in turn, depend designed to simulate operating 


on the quality of the component parts. conditions. 


Write for STC Capacitor literature to: 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
CAPACITOR DIVISION: BRIXHAM ROAD « PAIGNTON «+ DEVON 


COMPONENTS 
GROUP 
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New wide range $ and G band Cavities 
for E.M.I. plug-in Klystrons 


(2.60 TO 5.85 KMc/s IN THREE RANGES) 


S BAND S TO C BAND 


Cavity type 25226 25221 
(still under 
development) 


Nominal frequency 2.60 - 3.95 3.30 - 4.90 
range KMc/s 


Klystron Valve R.9559 R.9559 
type 


Minimum powerinto 30 30 
matched load mW. 


Flange - Rectangular 
Output Co-axial W.G.11 


C BAND 
25212 


3.95 - 5.85 


R.9599 
(Modified R.9559) 


30 


Round 
W.G.12 


These cavities are of the concentric capacitance tuner type, consisting 
of a ? wavelength cavity into which slides a cylindrical tuning element. 
The tuning indicator is a micrometer with a large diameter head. 


Write or telephone now for full details 
of our range of Klystrons and Cavities. 


E.M.I. ELECTRONICS LTD 


VALVE DIVISION *- HAYES * MIDDLESEX * TELEPHONE: SOUTHALL 2468 
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STABILIZED 


— SINESOIDAL 


VOLTAGE 


the CVH 


Advance constant voltage transformers are available in the 

CVH range with low harmonic distortion in the output wave- CONTINUOUS AND AUTOMATIC STABILIZATION 
form, ideal for use with precision equipment sensitive to power 
frequency harmonics, and also with all equipment requiring a 
constant voltage sinusoidal input. CURRENT LIMITING CHARACTERISTIC 
In most applications the harmonic distortion present in the 
output waveform will not exceed 3%. Under the most un- 
favourable conditions this figure will not rise substantially above 
5%. When used with a rectifier to provide a d.c. supply, the 
characteristics of the system are identical to the normal mains NO ROUTINE MAINTENANCE 
source and particularly close regulation of the output is obtained. 


RAPID RESPONSE TIME 


COMPACT DESIGN 


NO MOVING PARTS 





PV Oo/P Vv Watts pf. Nett Price 
Range rm.s. in U.K, 


190-260 50~ 240 60 1-00 £10 10 0 


, cemeaiiabeeainianie pe : sasaiata 
CVH 125A 190-260 50~ 240 125 1-00 
CVH 420A 190 260 5s0~ 240 420 1-00 





CVH 750A 190-260 50~ 240 750 1-00 
190-260 50~ 240 1500 1-00 


190-260 50~ 240 3000 1-00 £185 00 





190-260 50~ 240 6000 1-00 £355 00 











dvante COMPONENTS LIMITED 


ee MAINS STABILIZATION DIVISION [FO 
ROEBUCK ROAD © HAINAULT « ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 IT/Da 
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=TRANSISTO SS 
=AMPLIFIER = TYPE T.A.3 


Lew 


The very latest Portable Amplifier and F.S. D. 
Indicator with extreme sensitivity for detecting nV 
low level audio signals. Ht 


at 


We have already sold the earlier T.A.2.B. extensively to IKe’s or 3.2Ke's 
Research Establishments for field and _ laboratory ith 

: ; wit 
measurements of modulated microwave signals, and null ; ee 
point detection. 3°, Noise Indication 


Now its place is taken by the T.A.3., fitted with an 

Ernest Turner mirror-scale meter specially engraved in INPUT 
V.S.W.R., Reflection Coefficient, and Waveguide dB. 800 Ohms 
There is now a choice of selective frequency in addition 

to Wideband operation, the amplifier output is available OUTPUT 
for external connection, and the one style of cabinet is 

equally suitable for portable or bench use. 1.2V at F.S.D. 
The built-in balance circuit may be used for accurate 

comparison of two anti-phase inputs, permitting bridge 

measurements independent of source power variations. 

The inside is fully screened and as smart as ever. Only 

hand wiring by engineers is used throughout, ensuring 

complete reliability; every electrolytic condenser is of REGD. TRADE MARK 
Tantalum; all potentiometers are wirewound. 


MICROWAVE INSTRUMENTS LIMITED 


WEST CHIRTON INDUSTRIAL ESTATE, NORTH SHIELDS, NORTHUMBERLAND 
TELEPHONE: NORTH SHIELDS 36067. TELEGRAMS: “MICROWAVES” NORTH SHIELDS 
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HLF. NOW with TEXAS Transistors 
ee age 


Germanium PNP ‘Mesa’ Transistors sinalenggcaniceagbapeee 
° ° e eas 2G101, 2G102 and 2G110 
Available in production quantities now 22 va 


germanium transistors. They 





enable you to retain close parameter 


R.F. and |.F. Amplifiers up to 200 Mc/s control and reliability, while 
Power oscillators up to 200 Mc/s | standardising your source of supply. 








V.H.F. R.F. AMPLIFIER 
Stage Gain 
15dB gain 20dB at 100 Mc/s. 


3°5dB noise figure 
at 100 Mc/s. A 


f. = 500 Me/s. 





























45 Mc/s I.F. AMPLIFIER ' : 
55dB Gain at 45 Mc/s 3 Cc ac 
Bandwidth 6 Mc/s 

































































+t. 


+2000, 


us 























a 
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100 Mc's 150mW CLASS B OUTPUT STAGE 


Power gain greater than 6dB. 


in free air at 25°C. 


At 100 Mc/s. 
100mW min. 
OUTPUT (50a) 





Transistor heat sink— Aluminium 4” Cube. 








Write for Data Sheets and Applications Information on these and other TEXAS devices 


TEXAS <1 INSTRUMENTS 


LimMiwgteob 


DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 6805! CABLES: TEXINLIM - BEDFORD 


3 91 /A7 
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STABILISED 
POWER 
SUPPLIES 





MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 

Resonator Supply 250 V — 400 V. 0-50 mA. 

Refiector Supply 50 V — 400 V. 0-50 microamps. 

L.T. Supply 5.5 V —6.5 V. D.C. 0-1 Amp. 

Aux. Supply for associated circuitry 400 V. 0-20 mA. 
Stability better than 0.2°,, on H.T. lines for input 
variations + 10°. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex works. 





MODEL 508 


0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1% for input variations +10%, 
and no load to full load current. 
Ripple less than 3 mV R.M.S. 


PRICE £98 ex works. 








MODEL 3798 

0 — 50 V. D.C. 100 mA. 

6.3 V. 5 Amps A.C. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations + 10%, and no load to full 
load current. 

Ripple less than | mV R.M.S. 

PRICE £68 ex works. 








aE ee 
INDUSTRIES i me: 4 
LIMITED ue myrceer aaty a al 
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THIS BOOKLET 


tells you about the 


new room-temperature-curing 


1.C.1. SILICONE RUBBERS 








‘Silcoset’ pastes are ideal for ‘Silcoset’ pastes are very easy to use and after a short time at 
25°C they cure to resilient silicone rubbers for use from —80°C to 
making flexible moulds 250°C. 


making silicone rubber parts 7 —_ 
‘Silcoset’ rubbers have applications 


: ; from archaeology to heavy engineerin 
potting and encapsulating rom archaeology to heavy engineering, 
from electronics to confectionery, 


sealing and caulking from jewel-making to aeronautical engineering. 


impregnating woven fabrics They may be just what you have been waiting for. 
Write now for the illustrated brochure —‘Silcoset’ Silicone 
anti-sticking applications Rubbers — to your nearest 1.C.1. Sales Office or to 


wiliverel ales IMPERIAL CHEMICAL INDUSTRIES LIMITED 


NS.83 
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WORLD’S LARGEST MAKERS 
OF POWER SUPPLIES, 
FOR SHIPS RADAR 


ver on me world’s 
Ships Radar is equipped 
with Mackie Machines 


AUTOMATIC 
VOLTAGE 


REGULATOR MOTOR 


ALTERNATOR 
400~3 PH. Output 


Products designed to meet normal or most 





stringent requirements. 
Our long experience in this field, upon which 
we have built our reputation for performance, 


reliability and co-operation, is at your service. 


Percentage 
Harmonics Typical Radar 
Load Contractors to Government Departments and many 


0.2 leading suppliers of electronic equipment. 

veal ARB ADMIRA 

0.07 

eit Motor Alternators : Motor Generators 

0.5 Rotary Invertors ° Rotary Transformers 
tons ass also 


13th 0.46 , , 
Pulsing Machines for Telex and 
7th 0.45 


Negligible i Trunk Dialling Systems 
19th Negligible 0.58 


2\st-43rd Less than 0.5 


One example of high performance. Harmonic analyses compiled by 
the Royal Radar Establishment of 400~3 PH. wave form for Radar 
and computor power supplies, etc 


W. MACKIE & CO. LTD. 


Established /882 


MANUFACTURERS OF ROTATING ELECTRICAL 
MACHINES & AUTOMATIC REGULATORS FOR 
ELECTRONIC APPLICATIONS ETC. 
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‘NEW LOOK” in RCA Display 
Storage-Tubes, New, superior space 
saving electro-mechanical design 
No flying leads. Developmental 
designs can be “integrally potted 
to meet your specifications 


j 


provides the widest selection 


OISPLAY UN’ 
World leader in display-storage-tube development and manufacture> faa 1 leanne | ae |e 


RCA offers industry an extensive line of display-storage-tube designs. 
For example, RCA offers display-storage-tube types that can provide 
displays having high brilliance, high contrast, and very good half-tone 
shading. There's a choice of types with single writing or multiple 
writing guns, and with overall or selective erasure. And there’s a 
choice of either magnetic or electrostatic deflection. Writing speed 
can be tailored to your specific application. 
So regardless of your display-storage-tube application, remember this 
about RCA Display Storage Tubes: Commercial types are readily 
available; in addition, a variety of developmental types can be = 
. . ° Developmente! type 
obtained on a sampling basis. Sri frine toads far ser ond bachaian 


BEHos integre! externe! 


For further information write to Engineering Products Sales. 


7 
IT c RCA GREAT BRITAIN LIMITED, 


\ (An Associate Company of Radio C orporation of Ameriaa) 
ey LINCOLN WAY, S URY-on-THAMES, MIDDLESEX. Tel.: Sunbury-on-Thames 3101 
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ELECTRONIC ENGINEERING 


L.F. Noise Generator type RG. 77 
Uniform power per unit bandwidth up to 10 c/s. 
Self-contained, portable. 


Low Frequency waveform 
generator type LF. 51 


Over 30 different waveforms, sines, ramps, 
square, sine squared, trapezoidal, etc. 
Sinewaves down to periods of 33 mins. 
Unique half-cycle and one-cycle facility. 


Transfer Function Analyser TFA. 46 
Steady readings down to periods of 10,000 
seconds (2? hours) 

Insensitive to harmonics and noise. 

Mechanical output and modulated carrier, as 
well as normal sinewave output. 
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FOR 
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a complete range of 
DEVICES 






HIGH POWER 
SILICON DIODES 
Ratings 

25 to 250 amperes 

0 to 800 P.I.V. 


gs not to scale 












MEDIUM POWER 
SILICON DIODES 
High temperature military 
types. New economical 
encapsulated series. 
Zener Diodes, 1 and 10 
watt rating 





International Rectifier have now estab- 
lished their manufacturing facilities at 
Oxted and are able to offer a complete 


range of silicon devices. enone. 


SILICON DEVICES 
Solar Celis, Readout pho- 
tocelis, Voltage reference 


Our Engineering Department will be 


pleased to examine and advise on your packs, High Voltage cart- 
ridge rectifiers, Controlled 
application problems. Rectifiers. 


Write for Silicon short 
form catalogue just issued. 


INTERNATIONAL RECTIFIER CQe “LTD 
OXTED - SURREY - ENGLAND 


Telephone: OXTED 3215 


BRITISH ASSOCIATE COMPANY OF 
INTERNATIONAL RECTIFIER CORP * CALIFORNIA: U.S.A 
The world’s largest suppliers of industrial metal rectifiers — selenium, germanium and silicon 


ELECTRONIC ENGINEERING 146 JUNE 1960 





The range of grade one microwave instruments produced 
by Decca Radar Limited is continually being improved and 
augmented. One of the latest additions is a WAVEGUIDE 
SWITCH of advanced design available in most of the 
popular waveguide sizes. It is suitable for either hand or 
mechanical operation. 

These efficient modern waveguide switches are of the 
four port, two channel rotating drum type. Their principal 
design features are listed on the right. 

The 1960 edition of the Decca Microwave and Special 
Components Catalogue covers microwave instruments, 
special test equipment, thin film metallised glass elements and 
gives details of the “ Deccaform” copper electroforming 


component service. 


DECCA RADAR 
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DECCA 


Microwave 
Instruments 


RELIABLE AND 
CONSISTENT 


@ High adjacent channel isolation from 80 
to 100 dB. 


@ High power handling capacity unpress- 
urised. 


@ Good match over the whole waveguide 
frequency band. 


@ No rubbing contact surfaces. 
@ Rugged construction. 


@ Designed for both normal atmospheric 
and high pressure operation. 


@ Suitable for hand or mechanical control. 


These switches can be manufactured with other 
switch combinations, for which the company 
would be pleased to receive enquiries. 


Microwave Sales Division 
DECCA RADAR LIMITED 
DECCA HOUSE - ALBERT EMBANKMENT 


LONDON :- S.E.11 - Telephone: RELiance 8111 


v7] OR 127 
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For Rapid piercing 


AORN! 


SEE THIS MACHINE 
at our 


STAND No. 123 
NATIONAL HALL 


Also R 61 with co- 
ordinate location by 
direct reading counters. 
For plates up to 100” x 
60”. Punching pressure, 
80,000 Ibs. 


BRITISH 


TURRET PUNCH PRESS MODEL RA.41P 


Locating from templates by pantograph table and stylus, this model is 


exceedingly fast on the longer piercing runs. All template holes are }” dia. 
irrespective of their size and shape in the finished work. Template holes for all 
similar work openings are connected by coloured ‘routes’; following each 
‘route’ the operator engages the stylus in each successive template hole. As the 
stylus moves the work follows and on depressing the stylus the press trips. 
Templates themselves can be made on the machine. Up to 3” dia. can be 
pierced in -074” mild steel plate. 

Throat depth 28". Table size 24” x 24”. Also available with 40” x 28” table. 

16 Turret stations. Also available with 18 or 20 stations. 

Maximum punch dia. 3". Punching pressure 30,000 Ibs. 


Send for our special Exhibition brochure 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 lines) Telex’ 23182 Grams’: ACCURATOOL LONDON TELEX 
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z oynest 
canvenesnent rn ARO nine 


SEE THIS MACHINE 
at our nearby 
SHOWROOMS 
during the 
EXHIBITION 


Also R4 Hand operated on 
sturdy stand with standard 
gauge attachment. And R2 
Hand operated bench model. 
Punching pressures 15,000 Ib. 


BRITISH 


TURRET PUNCH PRESS MODEL R44 


Designed for piercing through templates, this power-operated model gives 
faster-than-ever piercing on short or medium runs and complicated 
layouts. The template openings correspond with the finished work in size, 
position and shape. With carefully made templates accuracy can be 
readily achieved. A sensitive lever lowers the punch into the template 
and, when fully entered, the press automatically trips. The mechanism 
can be adjusted for work and template thickness. Up to 3” dia. can be 
pierced in -074” mild steel plate. Also available with Rack Gauge Table. 
Throat depth 28”. 20 station turrets. 

Maximum punch diameter 34”. Pressure capacity 30,000 Ib. 


Send for our special Exhibition brochure. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel’ WESTERN 8077 (8 lines) Telex’ 23182 Grams. ACCURATOOL LONDON TELEX 
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Another ‘‘LATCO’’ development in the service of Progressive Packaging 


“LATCOCEL” FABRICATIONS FROM ‘‘CELOTEX’’ 


‘Latcocel"’ and “*Celotex'’ are registered trade names 


Data Sheets, Samples and further information 
with pleasure. Prototypes submitted without 
obligation. 


LATTER & Co. 


PECIALLY manufactured “‘Celotex’’ Sugar 

Cane Industrial Fibreboard can be cut, 
punched, drilled, routed, glued, impregnated 
and sprayed to produce a versatile range of 
pads, blocks and housings for cushioning, 
bracing, blocking and chocking. The unique 
properties of the ‘‘Celotex’’ board: con- 
trolled density and resilience, rigidity and 
tensile strength, suitable Ph and low 
moisture content, allied to clever design anc 
fabrication makes ‘‘Latcocel’’ ideal fo 
packaging applications. Particularly success- 
ful for the protection of fairly heavy- 
precision engineered components. Notably 
suitable as cheaper and better alternative 
to cushioning moulds (wood wool, wood 
chips or pulp). 


‘‘Latcocel’’ fabrications are currently used to 
protect: Various sheet metal assemblies, 
Domestic Appliances, Tinned Products, 
Aeronautical and Automotive Parts, Elec- 
tronic Components, Instruments, Machinery 
and a host of other Engineering items. 


LTD. 


(LATCOCEL DIVISION) 


334, BRIXTON ROAD - LONDON : S.W.9 


TEL: BRIXTON 7535 





This 
Metastream 
ES Coupling 


(illustration approx. actual size) 


FULFILS A LONG FELT WANT’ 


Says J. E. Hawkins of SOLARTRON 


For servo motors and 
similar control drives, at 
last a miniature flexible 
coupling that is torsion- 
ally rigid and completely 
reliable. It’s all metallic, 
with a diameter of only 
one inch. If this new ES 
Coupling is of interest to 
you, please send for 
literature and details. 


METADUCTS LIMITED 


A member of the CONCENTRIC group of companies. 


CATHERINE WHEEL ROAD, BRENTFORD, MIDDLESEX 


Tel. ISLEWORTH 6441. 
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MULTI-POLE 
*O-Z*’ PLUGS 
& SOCKETS 


We make 
components 

of many kinds. 

This range of 
multi-pole plugs 
and sockets 
embody the 

patent “‘O-Z”’ 

low contact 
resistance 

design feature 

and is 

particularly 
suitable for 
rack-built 
equipment, 
power-pack to chassis 
and amplifier to 
receiver connections. 
The range includes 
free and fixed 

5, 7 and 10-pole 
plugs and sockets. 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD. f 


Re 
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was chosen as the ideal material for these intricate 
mouldings — the T.V. screen surround and mask 
in this R.G.D. Television set. 


For surface Finish 
a high finish which enhances the prestige look of the set. 


For Impact Strength and 

Dimensional Stability 

a frame that won’t distort and which gives a high degree 
of protection for the delicate interior. 


For good Mouldability 

BC 15 is an excellent material for injection moulding and 
sheet extrusion. Because of its toughness, mouldings can 
be ejected without fracture from really intricate dies. 
Screen surround and mask for television set moulded 

in two interlocking sections by Halex for 


R.G.D. (Radio Gramophone Development Co. Ltd.) 


Bextrene BC 15is available ina wide range of attractive colours. 


* Write for publication No. 582 to 


BX : LAS I ! CS L I D A subsidiary of The British Xylonite Co. Ltd. 


Higham Station Avenue, London E.4 Telephone: LARkswood 5511 
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Resistance wires and tapes for all resistors 


VACROM wee cmon 
EUREKA .......« 


High precision fine and superfine wires 
to meet the most accurate demands. 
‘Vacrom’ and ‘Eureka’ are supplied fully 
annealed in either a bright or oxidised 
finish in accordance with B.S. or to 
meet the customers own specifications 


Supplied bare or with standard coverings 
of cotton, silk, rayon, enamel and glass. 


insulated wires bare wires. 
THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED - LEYTON - LONDON €.10 


VACTITE WIRE COMPANY LIMITED - 75 ST. SIMON ST - SALFORD 3 - LANCS 


50 c.p.s. SERVO MOTORS DESIGNERS & MANUFACTURERS OF:- 
€ - aa 


400 c.p.s. Continuity Sets, A.C. Servo-motors 
and Servo-Amplifiers, ‘Perminduct’ three- 
phase Synchronous Motors. Converters and 
Inverters, Frequency Changers, Rotary 
Transformers, Permanent-magnet and Electro- 
magnet, D.C. Motors, D.C. Generators and 
Alternators. Tape Recorder Motors, High 
Speed Motors, Fan Blower Motors, Synchronous 
Motors, Single and Polyphase Induction 
Motors, Hand Generators, 400 c.p.s. Continuity 
and Standby Sets. Tachometer Generators, 
Geared Motors and Geared Units, Speed 
b Governors and accurate Governor Controlled 
y Machines, Power and Audible Frequency 
Alternators, Speed Voltage and Frequency 
Regulators, Motor driven geared Interrupters 
for the sending of complex repeating pulse 
trains, Special Research and Laboratory 
Equipment. 


Range: 40, 60, 90, 150 oz. 
inches stalled torque. With 
magnetic amplifier control 
units, tachometer generators 
and gear boxes if required. 


. a fine range of small 
power electrical rotating 
equipments. 


WALTER JONES & CO. 
WRITE FOR (Engineers) LIMITED 


FULL DETAILS 
Newlands Park, Sydenham, London, S.E.26 
Tel: S¥YDenham 6264-5-6 


Te 


THTTEEEELUELEELLELLEEEELE LUPE CELLU 
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Self-adhesive Urethane Foam 


REDUCE COSTS and 
SPEED PRODUCTION 


Tesamoll is a new synthetic material with unique features. Its 
interconnected cellular construction compresses easily and 
has a constant, gentle push-back. It is rapidly replacing foam 
rubber and felt as well as giving results not always possible 
with traditional materials. 


IN ELECTRONICS. Tesamoll has many uses in this 
modern sphere to mount instruments, cushion, pack, eliminate 
vibration and seal against dust. 


ENGINEERING. Tesamoll can be used as gaskets for powder 
chambers, to sea! against dust, to mount small components, to 
reduce chatter and vibration and noise. 


RADIO AND TELEVISION. Tesamoll is invaluable because 
of its unique electrical, acoustical, and dust sealing qualities. It 
is ideal for sealing T.V. tubes because it is electrostatically 
negative and tends to repel dust and other air or gas borne 
particles. 


SAVE TIME. Tesamoll has a powerful pressure-sensitive 
adhesive which adheres firmly and instantly to any dry, clean 
surface. Self-adhesive Tesamoll saves many man-hours, is 
clean and quick to use and efficient in operation. 


| Send for 
| Technical b 
booklet 


giving full details of the 
physical, acoustic, elect- 
rical and chemical 
characteristics together 
with the range of thick- 
nesses, widths and 
prices from: 


TESAMOLL can _ help 
you too. Tell us your 
problem, we may well have 
the answer. Please ask 
for samples for testing. 


SEALDRAUGHT LIMITED, 
Chandos House, Buckingham Gate, 
London, S.W.1. Tel. ABBey 3571/2. 
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Type HO32 


BEAT-FREQUENCY 
OSCILLATOR 





10 c/s to 21 kc/s 


Main dial: 0-20.5 kes 


Incremental dia!: 0-500 c/s 


Distortion below 0°1°, 


* 


(typically 0.03°.,) from 50 c/s to 10 ke/s 


Calibrated Outputs from 300 microvolts to 100 volts 


in 10 ranges 


Power Outputs up to 4 watts into loads of 5-25-500- 
2000-5000 ohms 


High stability of frequency and voltage 


Can also be used as: 


Frequency Meter from 0 to 21 kc 
Power Amplifier with the same outputs as in 


oscillator operation 


Write for complete information 


Radiometer Supplies 
AF-OSCILLATORS 
R-L-C BRIDGES 
STANDARD 
ne H2 as | SIGNAL GENERATORS 
nai. am VACUUM TUBE VOLTMETERS 
WAVE ANALYZERS 


ELECTROCHEMICAL 
t INSTRUMENTS 


RADIOMETER 


72 Emdrupvej, Copenhagen NY-3, Denmark 


Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I9 
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Virr EOSIL 


PURE FUSED SILICA 


VITREOSIL 
TUBES AND SHEATHS 


Electric furnace construction is one of the many applications of 
these tubes which, when wound with resistance wire, make a simple 
and inexpensive furnace. Equipped with an inner Vitreosil tube, 
such furnaces are very useful for combustion and other analytical 
work. These tubes, supplied in sand-surface or glazed finish, are 
eminently suitable for temperatures up to 1050°C. Fused silica has 
the lowest coefficient of expansion of any manufactured material, 
and is most resistant to thermal shock. 


We also manufacture an extensive range of Vitreosil Laboratory Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No.6, WALLSEND, NORTHUMBERLAND. Tel.: Wallsend 62-3242/3 
LONDON: 9, BERKELEY STREET, W.1. HYDe Park 1711/2 





a ae RR 


New business, new methods, new 


Feel the ‘ ’ : y, ¥ # Business never stands still. 


techniques, new competition 


she 


need 


all these mean that new plant and 
to st retc h 9 rn apne are fore er needed 

. That’s where UDT comes in. 
UDT helps you replace old 
equipment, add new, out of 
income. Which often means it 
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local directory. 


United Dominions Trust 
(Commercial) Limited 


United Dominions House, 
Eastcheap, London EC3 


RRA eR, er 


| = - . E. -” 

:~ tas pays for itself out of increased 

© . . profits. 
A 2 : td A nice businesslike way to do 

ot zs business. 
f * ad j % If you think UDT could help 
: 3 you, get in touch with the 
.-* ’ Manager of your nearest UDT 
, office—the address is in your 


BRRRTROT | 
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"<4 
FIVE 
REPORTED 
TRAPPED.,!’ 


> 


Smoke hampers operations. . . . The 
rescue team wearing breathing apparatus 
carry a radio-telephone. This is their only 
link with Control — to report progress 
and receive instructions. 





Many makers of telecommunication 
equipment depend upon BICC Bicalex 
Winding Wires. With the advantages 
of mechanical strength, flexibility, 
chemical resistance, compactness and 
excellent electrical properties, Bicalex 
Enamelled Wires are a wise choice for 
equipment of vital service. 


Publication No. 322A gives further information. 
May we send you a copy ? 

There’s a BICC Winding Wire 

for every electrical purpose. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
2I BLOOMSBURY STREET LONDON WCI 
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SOLDERING EQUIPMENT 


iain PRINCIPLES 
OF 


(Regd. Trade Mark ) 
SERVOMECHANISMS 


By A. Tyers, A.M.Brit.I.R.E., and R. B. Miles, Grad.Brit./.R.E. 


The authors have written this book as a working aid for 
development and maintenance engineers. The book covers 
the functioning, performance, incorporation and setting up 
of these components. The electrical circuits are discussed in 
detail and the great{quality of the work is that no mathe- 
matical knowledge beyond that of elementary trigonometry 
is required. 


Price 25s. net. 


From all booksellers 


PITMAN 


Parker Street, 


.-aapmemanee Kingsway, London, W.C.2. 
i¢ 


LRN: epee 


(List No. 64) 
4 
PROTECTIVE 


SHIELD 
(List No. 68) 





ELECTRONIC ENGINEERING 


FOR INDUSTRY IN THE 
NORTH 


Based upon Newcastle-Upon-Tyne and 
Glasgow 


We SUPPLY, INSTALL and 
SERVICE Electronic Equipment 


in your Factories or your Ships 
Our Technical staff i 

will be pleased to 

give advice 


Supplied for all Voltages Designed for Factory Bench Line Assembly 
Rolin, 7.¥.. Beal fd on MURRAY SWANSON 


& COMPANY LIMITED 
Heriot House - Summerhill Terrace 
NEWCASTLE-UPON-TYNE 
Also ot 779 Argyle Street, GLASGOW, C.3 


Write for Catalogue 
Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACoulay 310! & 4272 Telegrams: Soljoint, London 








EE 22 162 for further details 
ELECTRONIC ENGINEERING JUNE 1960 





JUNE 


S TYPE - SUPPORTED 


Collet knobs provide secure attachment 
to the spindle without a transverse hole. 
The collet forms part of a strong bush for 
fixing into the equipment panel. Lateral 
thrust applied to the knob is transferred to 
the control panel preventing deflection of 
the component spindle under any load 
conditions. They meet the requirements 
of SRDE (prov) 220/2 as category 40/100 
class H.I. components (SRDE test report 
T.1066 refers). 


EE 22 163 for further details 





L Plessey 





Finger Knobs 


These components, developed in conjunc- 
tion with Service Research Establishments, 
withstand most arduous conditions of tem- 
perature, humidity, mechanical shock and 
vibration. A few examples are shown here. 


Please ask for Plessey Publication No. 183 





ANTI-VIBRATION COLLET KNOB 


This assembly provides a supported 
finger knob in which the operational 
setting is not disturbed by vibration or 
bumping. 


SPRING 
4 
WAVY WASHER _. 
PANEL \ 
COMPONENT’ *» 
— == KNOB MOULDING 
RETAINING SCREW 
~ y RETAINING NUT 
COLLET SUB-ASSEMBLY 





U TYPE - UNSUPPORTED 


This category includes types based 
upon familiar shapes specified in RCL 221. 
All are collet fixing, as with the supported 
variety, and available with or without 
pointers. Materials and finishes conform 
to DEF 5000 for Services equipment. 





A TYPE - ADJUSTABLE 


Adjustable knobs meeting the require- 
ments of R.C.S. 221, have received 
full R.C.S.C. type approval under Certifi- 
cate No. 546/7 (85) as HI components. 


1960 


COMPONENTS GROUP THE PLESSEY COMPANY LIMITED 
New Lane - Havant - Hants. Telephone: Havant 1701 


Overseas Sales Organisation: Plessey International Limited 
Iiford - Essex Telephone: liford 3040 


Mua 
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Avel ToroidsS 
il a y 


Lowest losses in new magnetic 
materials are obtained only in 
wound-strip ring cores. 


HA 


ANI 


! 
i 


NANUO 


HUME 


Lowest copper loss and leak- 
age inductance is inherent in 
the toroidal winding. 


Small size and low temperature 
rise ensures greatest space- 
saving in equipment. 








Shaped to proportions that fit 
better into mechanical assem- 
blies using semi-conductors. 














Avel Toroids for 
D.C.—D.C. invertors 

2 waits: 1” dia. x 3” 

5 watts: 14” dia. x 2?” 

15 watts: 2” dia. x 2?” 
120 watts: 22” dia. x 14” 





15 watts with 
OC 35 








A Typical use of AVEL TOROIOS in D.C.—D.C. converter. Wide band-width, 
and H.C.R. alloy core ensure fast switching (approx. 31-secs.) with 
negligible overshoot which yields efficiencies 85—92% overall! in 
ratings 12—120 watts. 

/ A standard range is manufactured for most applications. 
AVELFY ESS Special types can be made to suit your requirements. 


Please ask for your name to be added to our mailing list. 


AVELEY ELECTRIC LIMITED 


SOUTH OCKENDON - ESSEX - TEL: SOUTH OCKENDON 3444 


Tetex 24120, Avelockendon + Grams: Aersaie Sth. Ockendon 
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EDISWAN MAZDA 10PL12 


Triode-output beam tetrode for a.c./d.c. mains audio applications 
Heater Current (amps) - I, 0-1 
Heater Voltage (volts) a Vi 50 


TENTATIVE RATINGS AND DATA 
Maximum Design Centre Ratings 
Triode 


Tetrode 
Pu mat 1 7 


Anode Dissipation (watts) 
Screen Dissipation: 
Continuous (watts) 
Screen Dissipation: 
Speech and Music at Maximum 
Signal (watts) i He : 3-2 
Anode Voltage (volts) ee 
Screen Voltage (volts) Re oe ined 
Heater to CathodeVoltage(voltsrms) — Va-kcmasxyrms 
Cathode Current (mA) i a 15 
Resistance Grid | to Cathode 
(Self Bias) (MQ) a hi 3 
Resistance Grid | to Cathode 
(Fixed Bias) (MQ) ¢ a l 
Resistance Grid | to Cathode 
(Grid Current Bias) (MQ) i 22 
Resistance Heater to Cathode (kQ) 20 
*Measured with respect to the higher potential heater pin. 


Py2(max) 1-8 


Inter-Electrode Capacitances (pF)t 

Triode Tetrode 
Input Capacitance .. - » ie 3 9-3 
Output Capacitance 7 a, eda 4-3 8 
Anode to Grid 1... _ oe 4-5 <0°3 
+Inter-electrode capacitance in fully shielded socket, without can. 


Characteristics 

Triode Tetrode 
Anode Voltage (volts) si wa 100 200 
Screen Voltage (volts) - 4 — 200 
Anode Current (mA) Si is 3-5 35 
Screen Current (mA) a ona ' —_ 7 
Grid No. | Voltage (volts) hx 0 -16 
Mutual Conductance (mA/V) ™ 2°5 6°4 
Amplification Factor 

(Tetrode g, to gs) ee 70 


TYPICAL TETRODE OPERATION 

Single Valve as Class A Audio Amplifier 
Anode Voltage (volts) .. V, 100 170 
Screen Voltage (volts) .. 2 100 170 
Grid Bias Voltage (volts) -6 -11.5 
Quiescent Anode Current 

(mA)... a - ” 41 
Quiescent Screen Current 

(mA)... ‘i ee 8 
Power Output for 10% 

total distortion (watts) P., ° 3+3 
Anode Load (k2) ree : 3-9 
Input Swing (volts rms) .. — Vinirms) 6 
Input Swing for 50 mW 

Output (volts rms) 
Mounting Position: Unrestricted. 


. 0-59 
Base: B9A_ (Noval) 


Qq ot 


VIEW OF FREE END 
Maximum Dimensions (mm) 
Overall Length 78-5 
Seated Height 71-5 
Diameter 22-2 


Associated Electrical industries Ltd 


Radio and Electronic Components Division 


Technical Service Department, 155 Charing Cross Road, _ondon,W.C.2 
Tel: GERrard 8660. Telegrams: Sieswan Westcent Londo. 
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Tentative characteristic curves of Ediswan Mazda Valve 
type 10PL12 
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MAZDA 
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FORTIPHONE 
TRANSFORMERS 


are chosen by the 


TRIK ELECTRICAL CO. LTD. for use in their 
TRIXADIO PASSENGER ANNOUNCEMENT SYSTEM 
fitted in Comet Jet Airliners 





» iy 
we a 


itinine ite sonst satin EO mit ie Es aS See 


FORTIPHONE TRANSFORMER ‘DIVISION (DEPT. 1) 92 MIDDLESEX ST. LONDON £.%. 


A service for Designers 


The possibility of a component change—due to shortage of supplies, in- 
= creased costs or failure to meet specific conditions—is a problem facing 
every designer of electronic equipment. However, one basic component 
can be ‘tailor-made’ from the start, for LAB will supply the precise 

type of Resistor required, ex stock and at the right price. Write for 
mn full technical data, prototype samples and price schedules to:— 


- ee tnt ta i tt 



































THE RADIO RESISTOR CO. LTD., 


9-11 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDDX. 
Telephone: HARrow 6347 








CARBON E TOLERANCES 
+ 


1. Solid oe ~ | | 4 & 10% 
2. Cracked ... ... | I/ , & 10% 
3.*High Stability oo ae ' % 2% S% 
4. Variable... a } _ 
5. V. High Resistance | | SOM—I0% | 5% & 10% 
hedid V.H.F. (Rods & Discs) | | 

~ WIREWOUND | 
4. Rheostats ... — 
8. Vitreous... ‘oa 9 
7. Cemented 











9. Metal Oxide 





* The ubiquitous blue (1%) grey (2%) ‘“HISTABS”’ 
Do you KNOW 3° "82a, 


THAT an instrument quality HISTAB to © 
+0.5% is available. | *) 

THAT V.H.F. rods and discs (5) can be LO gt 
supplied in matched pairs. * senaree ¥ 


JUNE 1960 





EE 22 167 for further details 
ELECTRONIC ENGINEERING 








EE 22 168 for further details 


Consistent accuracy, K As a result of recent design developments, the latest 
small size, mechanical Ketay synchros are able to detect shaft movement of as 
ruggedness and an efficiency 
unimpaired by extreme 

conditions — all these, in every bore construction which is a vital characteristic of 


synchro made by Ketay. these synchros. 


little as three minutes, or 1/7,200 of a revolution! In 
achieving this standard of accuracy—-and an unfailing 
reliability—an important part is played by the through- 


« They are small and light enough for use in many critical 
applications where size and weight must be minimal. 
The smallest in the current range—which covers sizes 
11 to 23, with size 08 soon to be in production—has an 
outside diameter of just 1.1” and weighs only 4.0 ounces. 


This valuable miniaturisation involves no sacrifice of 
mechanical ruggedness — with stainless steel housing and 
encapsulated windings, Ketay synchros will perform 
efficiently and consistently under most severe conditions 
of impact or vibration. 


every hese units embodies the — , 
anny ae af ae They also maintain the same high level of performance 


highly specialised knowledge of Ketay in extreme temperatures. Generally, the operating range 
engineers who are continually at work on is —55°C to +85°C, but recent progress has enabled 
environmental and accuracy problems even these figures to be bettered; a new Ketay series of 
connected with servo components and synchros capable of working at 125°C is already avail- 
able and developments are in hand to improve this 


systems. Their very considerable ex- : : 
figure to 200°C. 


perience and skills, backed by superior 
development facilities, are available as a 


service of which all plant designers and 


* Ketay synchros have an outstandingly high resistance to 
engineers are invited to make full use. moisture and other climatic conditions; this is afforded 


by stainless steel housings, shafts and bearings, hermetic- 


ally sealed windings and other design features. 


KETAY LTD - EDDES HOUSE - EASTERN AVENUE WEST - ROMFORD - ESSEX 
TELEPHONE: SEVEN KINGS 6050 
Overseas Sales Organisation: Plessey International Limited - Ilford - Essex Tel: Ilford 3040 


@ xo 
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These 3 
outstanding 
uniselectors 


provide long life 
and reliability 
in operation 


The high speed motor uniselector 


has an availability of 52 outlets in a half 


revolution with up to 16 parallel channels, 


and is capable of high speed search if 


required. It is also suitable for scanning 
and other collection functions, or for the 


routing of information to a multitude of 


points. It can be brought to rest at any 
desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 
for step-by-step working. 


The digit switch 


is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up a 
marking condition for the control of the 
Motor Uniselector. 


The miniature uniselector 
is a compact switch of unique design which 
occupies no more space than a standard 


3000-type relay. It has an availability of 


12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 


PD 7/3 


ELECTRONIC ENGINEERING 








Full technical information will gladly be supplied on application 
ASSOCIATED ELECTRICAL INDUSTRIES 
Telecommunications Division PD7 

Telephone Apparatus Department 

Woolwich, London, S.E.18 

Woolwich 2020 Ext. 326 
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TA 2139 


1960 
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The Synchro units shown, made by R. B. Pullin & Co. Ltd, are 


sectioned to show how the stators are integrally cast in Araldite to 


provide maximum protection against the effects of extremes of 


temperature, humidity and vibration. The excellent machining 
properties of Araldite make possible a straight-through bore tech- 
nique, which eliminates errors in alignment and also permits the use 
of the smallest possible air gap between rotor and stator. High 
insulation and dielectric strength, remarkable adhesion to metals, 
and negligible shrinkage on curing make Araldite eminently suitable 


for use in the construction of precision electrical equipment. 


Araldite epoxy resins are used — This photograph shows an 

A.E.W. electric oven, capable 

for casting high grade solid electrical insulation of maintaining temperatures 
; ‘ : within close | é - 

for impregnating, potting or sealing electrical mo on a rgine 

R. B. Pullin & Co. Ltd. for 


windings and components A 
£ po | curing the  Araldite-filled 

for producing glass fibre laminates CemnOES. 

for producing patterns, models, jigs and tools 


as fillers for sheet metal work 


as protective coatings for metal, wood and 
ceramic surfaces 


or bonding metals, ceramics, etc. Aral d i te epoxy resins 


Araldite is a registered trade name 


CIBA (A.R.L.) LIMITED 


Duxford, Cambridge. Telephone: Sawston 2121 
AP463 
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quietly doing a job 


The photograph above shows a gramophone turntable bank in the 
Sound Control Room at the B.B.C. Television Studios, Lime Grove. 

The arm and pick-up of the GLU9 groove locating units are 
mounted on pairs of SILENTBLOC Square Flange Instrument Type 
Anti-vibration Mountings, whose purpose is to make quite sure that 
no ground vibration interferes with the sensitive instruments and spoils 
absolute perfection of reproduction. 


The B.B.C. are one of the many “perfectionist” customers who 
choose SILENTBLOC Instrument Mountings to do an exacting job. 


SI L E N ey B ele Come to us at the drawing board stage! 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 


Andre Rubber Co. Lid., is another Silentbloc company. Silentbloc products are also manufactured by Silentbloc (Australia) Pty. Ltd., Melbourne. 
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* Cat. No. 81058-BT. ‘ Cat. No. 81046. PX: 2 Cat. No. 81055-B-BP. 
Double Pole Double - Single Pole Single ‘ Double Pole Single 
Throw. 2 Position ay Throw. 2 Position ge a Throw. 2 Position In- 
Lever Type. Back ¥ Lever Type. Back ae! : sulated Lever Type. 
Connecting Lugs. 7 Connecting Lugs. se <a Back Connecting Lugs. 


ae dag! ay 


Fab EMEA Te § oft 


Rae te ee ye 
Ss See ae) 


The exacting conditions of service demanded by modern 
techniques in electronic equipment and instrument develop- 
ment are fully matched by this new range of ARROW 
bakelite enclosed sw itches. 

Their main characteristic is the maintenance of low contact 


resistance after considerable life. 


Circuits available S.P.S$.T., $.P.D.T., D.P.S.T., D.P.D.T. 

BIASED ACTION SUPPLIED FOR ALL CIRCUITS. 

Maximum rating 3 amps at 250V AC/DC 7.‘ R R @) Ls 
Write today for full particulars of these instrument switches. 


ARROW ELECTRIC SWITCHES - HANGER LANE - LONDON - W.5 


JUNE 1960 165 ELECTRONIC ENGINEERING 





RADICAL 
DEVELOPMENTS N 


MULLARD 
ALLOY DIFFUSED — 
TRANSISTORS 





The germanium alloy diffusion technique— 
proved by Mullard in the quantity production 
of OC170 and OC171 r.f. transistors—has been 
intensively developed to provide transistors 
for a much broader range of applications. 
In many new industrial fields equipment 
designers will be able to specify Mullard ‘“‘alloy 
diffused”” when they need high performance 
transistors and when economies must be borne 


in mind. 


Specific types of industrial transistors outlined 


here are successively being put into pro- 
duction. Sample quantities are becoming 
available—watch Mullard announcements in 


the coming months for full details. 


MULLARD LIMITED 
SEMICONDUCTOR DIVISION 
MULLARD HOUSE 

TORRINGTON PLACE, LONDON, W.C.1 
TELEPHONE: LANGHAM 6633 


V.H.F. Communications Transistors 

Here is the most direct development of the highly successful OC 170 
and OC171—a new Mullard low noise transistor for 100 Mc’s.r.f. 
amplifier stages in professional communications equipments. Power 
gain is greater than 10 dB and noise less than 6 dB at 100 Mc's. 
This is being followed by another transistor with the same perform- 
ance at twice the frequency which is also intended for use in 


V.H.F. communications receivers. 


Extremely High Speed Logic Transistors 

The alloy diffusion technique can be used to provide logic transis- 
tors for operation at a p.r.f. of 10 Mc/s which will fully ‘bottom’. An 
especially sophisticated transistor is being made available to meet all 
the requirements of the logic circuits for the next generation of high 
speed computers. ‘This transistor will have a f, greater than 300 
Mc/s at 10 mA, a low bottoming voltage and a very rapid turn-off time. 
Already available is a favourably priced logic computing transistor 
with a frequency cut-off greater than 40 Mc/s, a maximum collector 


current of 25 mA and a maximum voltage of 40 V. 


Fast, High Current Core Driver Transistor 

A new core driver transistor is to be introduced shortly for high 
speed storage in conjunction with the new high performance logic 
transistors. ‘This has a collector current of 750 mA and a very fast 
rise time—f, is greater than 60 Mc's. 

The high frequency and power characteristics of this transistor 
also suit it for carrier telephony and transmitting equipment where 
a push pull output of three watts at 8 Mc/s can be obtained, or up 
to one watt at higher frequencies. 


PNPN Switching Transistor 

A wider view of the potentialities of the alloy diffusion technique 
has led to the development of a four layer pnpn device. This is a 
three terminal germanium transistor with a negative resistance 
characteristic which can be operated as a high speed electronic 
switch. After being switched ‘“‘on”, the transistor automatically 
remains bottomed until it is switched off. ‘This characteristic makes 
the device particularly suited for use as a speech path cross-point 
in automatic telephone exchanges. 

Extremely simple arrangements can be devised for astable, mono- 
stable and bistable circuits. Maximum ratings are in the region ot 
35 volts and 25 mA. The on/off (or series: parallel) impedance ratio 
is three million to one. 


Special Avalanche Transistor 

A more specialised alloy diffusion development, but one which is 
invaluable for some applications such as high speed sampling 
oscilloscopes, is a device which does not function by normal tran- 
sistor action but which utilises the ‘‘avalanche” phenomenon. 

This transistor works over a limited current region, but has a high 
gain and an exceptionally fast rise time of the order of a millimicro- 
second. Its pulse current is as high as 50 mA which represents a 
remarkable current rate of rise of 50 amps per microsecond. 
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BRISTOL 


HAVEN ENGINEERING COMPANY INTRODUCES 
THE BRISTOL CLIP 


This valve mounting clip, designed and developed at Bristol for use 
in test equipments for the Bristol/Ferranti Bloodhound surface-to-air 
guided missile system, is now being manufactured and marketed by 
Haven Engineering Company Ltd. under licence from Bristol Aircraft 
Limited 


The Bristol Clip conducts heat from hot spots direct to the chassis 
and, by reducing bulb temperatures, enhances valve reliability 


The dissipation factor is less than 3° C. rise above ambient per watt 


The Bristol Clip, which is suitable for flying lead or pin-based valves, 
is available in two sizes—for B7G or B9A valves 


It has been proved in stringent vibration tests and fully meets the 
requirements of the Services vibration specification DEF 5,000 


Full technical details will be supplied on request 


HAVEN ENGINEERING COMPANY LTD 


ORS ee 
29 Corsica Street, Highbury, London, N.5  CANonbury 504! 





At Last / == 


AUTOMATION COMES / 
_/ 70 LIGHT INDUSTRIAL 
'@  _. SHOTBLASTING 


with the 


7/40 
GUYROTA 


ideal for manufacturers who need to rapidly blast clean 
large quantities of small metal parts or De-Flash Thermo-set 
Plastic Mouldings. All the operator does is load the tumbler 
on to the angled turntable and let it rotate under the blaster 
gun for a pre-determined length of time. Manpower is saved 
by having one operator to a number of Guyrotas. 


Send today for Bulletin T,49(c). 


—=G@ aa v on GUYSON INDUSTRIAL EQUIPMENT LTD. 
= ly Regd North Avenue, Otley, Yorks. Tel: Otley 2456. Grams: “Guyson Otley” 
' 
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All this 


led ~ 
The donkey at Carisbrook Castle walks quite a few miles every day 
without ever getting anywhere, but his work is anything but futile. 
Faced with the problem—an extremely deep well—when 
pumps and pipes were pretty primitive this ‘donkey engine’ 
was a fair solution to the problem of raising water. 


Today, when the problems are so much more complicated the solution 
is often much simpler—get in touch with Varley’s. If your problem is 
pushing, pulling, punching, prodding, at a distance or automatically, 
the answer, proved many times in many fields, is a Varley Solenoid. 


AWAY solenoids 


REGO. TRADE MARK 


Type ‘V’ (Illustrated) 

This is the smallest of the Varley range of 
laminated solenoids. It features a vacuum- 
impregnated coil and all ferrous parts are 
plated and passivated. The captive plunger 
has a controlled stroke of 4”. 


For full details of Varley Solenoids, write for Illustrated Catalogue T1/1 


OLIVER PELL CONTROL LTD 
Cambridge Row, Burrage Road, Woolwich, S.E.18 
Woolwich 1422 (5 lines). Telegrams: Olipel, London, S.E.18. TA 3082 
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against all conditions 


POWER RATING 


— } watt continuous at 70°C 


RESISTANCE RANGE 
—500 DN to 2.5MQ 


RESISTANCE LAW 


— Linear or Logarithmic 


INSULATION 

— Not less than 5000 M Qat 
500 V.d.c. (applied for 1 
minute between spindle and 
all terminations) 


Overseas Sales Organisation 

PLESSEY INTERNATIONAL LIMITED 
Overseas Telegrams: PLESSINTER © TELEX * ILFORD 
Head Office: (ford » Essex - England - Telephone 
Ilford 3040 + Telex: 23166 Plessey Ilford 
Telegrams: PLESSEY TELEX ILFORD 
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The Plessey | XP5 
hermetically sealed 
moulded carbon 
track potentiometer 


Under the most arduous climatic or service condi- 
tions the XP5 will give trouble-free service. Com- 
pletely sealed against moisture, it will withstand the 
most severe conditions of bumping, vibration, 
humidity and tropical exposure. Operating over a 
temperature range of —40°C to 70°C it will give 
smooth, noise-free and reliable service — with 
negligible wear. It is approved to Inter Service 
Standard RCS 122A. 


For full details of this outstanding new component 
send for leaflet 312. 


THE PLESSEY COMPANY LIMITED 

Capacitors & Resistors Division - Swindon Group 

KEMBREY STREET ~ SWINDON ~* WILTSHIRE 

Telephone: Swindon 6211 + Telex: 44-355 + Telegrams: Plessey Telex Swindon 
PICR6 


JUNE 1960 





a new range of 
Wale | 


ae ti 


THU 


NACARI] 


JUNE 1960 (1) 


EE 22 179 for further details 


ot-{ eo; | i Be t-l ele) 1 
PULSE GENERATORS 


The first of the new series 300 Oscilloscopes is: 


Model 30! 


A HIGH SPEED SINGLE BEAM instrument with a bandwidth of 40 Mc/s 
and a high speed wide range Time Base giving calibrated sweep speeds from 
I cm/1.2 secs. to I cm/10 m.psec. 


Ask for data sheet No. 1259. 


The second is: 

Model 311 

A HIGH SENSITIVITY TWO CHANNEL Oscilloscope covering a frequency 
range from D.C.—150 Kes and a maximum sensitivity of 1 cm/100uV. A wide 
range Time Base with versatile easily controlled triggering system gives calibrated 
speeds of 1 cm/§ sec. to I cm/I psec. 


Ask for data sheet No. 4601. 


Both these instruments are now available, and they incorporate the most advanced 
design and manufacturing techniques. 

Further models in the 300 series are under development, extending the usefulness 
of the NAGARD range, and details of these will be released shortly. 


Pulse Generators 

The widely used SQUARE PULSE GENERATOR MODEL 5002 with its 
10,000,000—1 range of calibrated pulse width, rate and delay, is still available. 
A modified version is now available with the same features, except that the pulse 
width range is from I sec. to 0.1 psec. — this is Model 5002A. 


Ask for data sheet No. 4603. 
A new Pulse Generator Model S10! 


which can either be used in association with the 5002, or as an independent 
instrument, gives unusual facilities for the generation of a wide range of PULSE 
GROUPS with versatile triggering features. 


Ask for data sheet No. 4602. 


18 AVENUE ROAD © BELMONT © SURREY 


Telephone : Vigilant 9161-2. 
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Voltage Regulating Transformers 
and. Line Voltage Regulators 


from 250-580 VA Models 41 and 42 
% Universal fixing centres 
% Choice of ganged or automatic models 


THE NEW MODELS 71,72 from1.5to2.5KVA 
Self-algning brush gear 


(PATENT PENDING) 
Universal fixing centres 
Choice of ganged or automatic models 





C2 a 
Details available from :— 


(of THE BRITISH ELECTRIC RESISTANCE Co. Ltd. 
BER \ Queensway ° Enfield - Middlesex Telephone : HOWard 241 


Telegrams : Vitrohm, Enfield 


all types of PRESSINGS + Q-MAX” SOLE LONDON 


i SHEET METAL PUNCHES DISTRIBUTORS OF 
“1 n g from this r io EL Cc oO fia] 
modern ae" ‘ i MINIATURE 


: MULTI-WAY PLUGS 
a AND SOCKETS 


Mt Patent No. 619178 and Patents | A full range of connectors from 2 to 














33 way, proven in use by the 
amend electronic industries of the world. 
Round, Square and Rectangular. 
The easiest and quickest way of 
punching holes in SHEET METAL. 








LIST OF SIZES AND 


PRICES ON APPLICATION 
- **Q-MAX”” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. 
PRICE 15 Gns. Complete. 











CLARKES (Redditch) LTD 4 Pie RRY' 


vailable ] 7 
Sinew Works * R . aoe = 
” as _— ITCH Worcs gaa 25 HIGH HOLBORN, LONDON, wW.C.! 
° a oe ot Tel.: HOLborn 6231/2 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


Perfect Terminations — 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 

Hot Plate, Tunnel Oven or similar 


mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 





Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





—_— 
SPice 
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from 


BALDWIN 


miniature moving coil meters 


@ In any colour or finish 
@ Open or protected front 
@ Customer’s monogram 








ACCURACY 
MOVEMENT 


CASE 


DELIVERY 





Protected front model —actucl size 


AMPS Self-contained, 50 micro-amps to 
10 milliamps. Higher ranges as required 
with external shunt. 


VOLTS 5 to 300 volts, 1000 ohms per volt. 
Ac or pc. External resistance. 
To Bs89. Scale length 80°. 


Particularly robust. Moving coil. Knife- 
edge pointer, zero adjuster. 


Sealed, pressed steel. Open or protected 
front. Weight of movement and case 5# oz. 
Available in any colour or finish with mono- 
gram if required. 


14 days. 


instrument Division 


BALDWIN 
INDUSTRIAL CONTROLS 


Baidwin instrument Company Ltd - Dartford - Kent 
Telephone Dartford 20948 & 2641! 

Cables & Telex Baldwin Dartford 

A HARPER GROUP COMPANY 
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THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 





EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full Literature and Price List from:— 
LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 
COVENTRY 
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Acknowledged st ror BouND PAGES 


Only CONTOURA—with its unique patented translucent air-cushion—copies 
both facing pages at the same time, pages with text printed close into the spine; 
does not use damaging pressure; is unaffected by size or thickness, and is 
modestly priced—from £38 complete (Quarto). If, however, a rotary combine 
(thin originals only) or an orthodox flatbed machine answers your need better, 
we advise, demonstrate and supply accordingly. So get in touch with 


forelabceleia-| PHOTOCOPYING LTD. 


$2a Cromwell Rd., London, S.W.7. KNI 886 








. OF 


EXTERNAL & INTERNAL 


MICROMETERS 
. 
HEIGHT 
GAUGES 


STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 52 
PETRE STREET, SHEFFIELD, 4 
London Office :- W. J. Bithell Ltd., 41 Whitehall,'London, S.W.i. 
Scottish Office :- 19 Waterloo Street, Glasgow, C.2. 
A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION 
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...epitomizing the team at T.M.C., he never comes off 
that worthy pedestal. Every capacitor he makes can 
be depended on to do its job. The types are many. 
The range of working voltages is extensive. 

It includes those made to meet the most stringent 
performance specifications as well as those 


best suited to more general applications. 


In every case the price is competitive. Make 


Mr. Capacitor your capacitor man. 








Further information from: 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division - Cray Works 
Sevenoaks Way - Orpington - Kent 
Telephone: Orpington 26611 
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“To a chap like me— 


and i'm proud of my work — my pencll's 

my living. 

The pencils | use have to stand up to fast 
hard work, their grading’s got to 

be absolutely spot on — not almost 
or nearly but bang on the dot every 

time. 

The leads must hold their points 

and flow smoothly throughout a long line — 
no crumbling or ‘clinkers’ mark you ! — 

and if | erase a line it must go cleanly — 
there's no ‘furrow’ left in my paper 

80 you won't find ghost lines in prints 
made off my drawings. As a matter of 

fact you can tell from a print when it is 

my drawing —ttie print's always first class." 


‘What pencils do | use?” 


“Venus drawing pencils of course, the ones 
with the crackie finish !— how else 
do you think | keep up my high standard?" 


DRAWING 
PENCILS 


# VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


TME VENUS PENCH CO. LTD., 


LOWER CLAPTON ROAD, LONDON E.5. 
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Specialists in the manufacture of Wirewound Potentiometers for over 
30 years. COLVERN LIMITED are the foremost producers of these 
components in the United Kingdom. 

The extensive range of types in constant production eomprises: 

a from 1 to 15 watts 


ed. ") 





ewound potentiometers and 
as British Joint Service 
rai. 

Precision Potentiometers, 


including Helical /Cosine types, 
ing the exclusive COLVERN Cam-correction fon inevioo. 


4 


TYPE CLR4201 
=a? TROPICAL POTENTIOMETERS 


i of 
British Joint Service Specifications Res. 121. The 
potentiometer is housed in a mineral filled mould- 
re lectively sealed by a metal back cover and 

O" seals in the s ma 
CO. FORMS TO BRITISH INTERSERVI 
SPECIFICATIONS RCS.121 AND RCL.1a1 
STYLES RAC-RAD(CLR. 3). RAE-RAFP 
CLR.5237) NUMIDIFY CLASS 


OTENTIOMETER 


Type CLR.26/00 MULTI-TURN Helical Potentio- 
meter has been developed Primarily for mechanical drive 
and use inservosystems. Supplied in the popular ro-turn 
eae arasantas in the helix from 3 to 
being 3-5-10-15 and 20 turns. The precision- 
ground stainless steel shaft is mounted in ballraces giving 
® smooth torque of 1-1% jin. and the i 
durelumin base has a locating spigot true with the shaft. 
ae 
10.4 watts per turn. e Resistance Range: 
r0Q-10kQ per turn. 
Resistance Tolerance: Standard,is5%. Best 


Practical,+ 1%. 
Absolute oa Accuracy: oe. ,t025% 


turn 
Max. Working Volts Spindid Ts Track Soa} eur 
fective Resistance —_—_ Tol.:i1°. @ pos 
tarting Torque: 1} os./in 
Min. Angle between Tape: 90° 
Max. Ganged Sections: 2 
TYPE CLR.91/o0 
CAM CORRECTED 
Originally developed for Radar Gunnery Equ , 
ment this Potentiometer is undoubtedly 
most accurate Potentiometer in quantity _ 
duction. In addition to "deal instr in Elec- 
tronic Computing it is an ideal instrument for 
use as a laboratory standar 
SPECIFICATION: 
e Rating: 10 watts. @ Resistance Range: 
1000Q-150kQ. « Resistance Tolerance: 
Standardi 5%. Best Practical,i 1% 
Absolute Law Accuracy: to 04 
Max. Working Volts Spindle| Track: 
roooVD.C. e Effective Resistance 
Angle: 315° + 25° a 
"360° cont. e Max 
Starting Torque: 8.5 oz/in. 


Min. Angle tween Taps: 10°. 
Max. Ganged Sections: 4. 


COLVERN LTD., SPRING GONS., 
ROMFORD ESSEX 


Telegrams @ Cables COLVERN PHONE ROMFORD 





m~@ ROMFORD 602 
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va 


Potentiometric recorders for research and industry 


These high-speed Potentiometric Recorders 
are continuously self-balancing, use electronic 
power amplification and motor drive. 

The chart, which is 10” wide, can be traversed 
in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
the latter with § or 1§ seconds printing 
interval. High sensitivity: instrument 

responds to signals of less than 1 microvolt. 
Ranges: from 500 microvolts for single-point, 
1 millivolt for multi-point models. But much 
more can be learned from Technical Publication 
2042 from Instrumentation Division, Associated 
Electrical Industries Limited. 


instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 
Associated Electrical industries Limited ai 
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o''-9:. @ 


99-9999 *- 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH - CADMIUM - INDIUM ~- LEAD - SILVER - ZINC 


~}x}s 


“+ 


These “TADANAC” Brand metais are available in the United Kingdom and Eurepe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE - LONDON : E.C.3 
Telephone: MANsion House 4521 


whose Technical -~- poeta or aren backed by the full resources of the producers’ 
Division, will welcome enquiries. 


+4 


m4! 
; 


eR OU ON nO, ne We en i 
ee eG WN { i Nt a oe 


ee ae ee 
6.37 4-6 


+'.¢ 

















~ NETRA 
P.O. TYPE 
SX OSCILLOGRAPH 


3000 Reg’d Design No. 881830 RECORDING 


This latchin device . - 3 : CAMERA 
fo . | 


enables the . 3000 
type relay to be held in 
the closed position when 
the coil is de-energised 
and until manually re- 
leased. 


Does not impair the 
versatility of the contact 
arrangements, nor affect 
the normal mounting 
position. 
io Illustrations show 3000 Type 
Relay fitted with *‘Remote"’ 
WILL or “‘Local’’ release latch 


TRIP AND 


HOLD EITHER TYPE CAN BE FITTED TO 
ON A.C. YOUR EXISTING 3000 TYPE RELAYS 


IMPULSE as ee, Capacity 200 ft. or 400 ft. of 35mm. film 


e Please send for illustrated leoflet. 


PROTOTYPES—EXPERIMENTAL MODELS 
- _ ; PRECISION GEARING AND SPROCKETS 
feck Dy vt (Relays) Ltd - 
‘ 12 OVAL ROAD, LONDON, N.W.1! 
(oePpr’e&') TUDOR PLACE .LONDON, w.t 
TELEPHONES MUSEUM 73960 LANGHAM 4821 Telephone: GULliver 2353/4085 
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e501 O35 2). FO. fF _ | 


VIBRATION EQUIPMENT 


provides the 


COMPLETE VIBRATION 
TEST SYSTEM 


+o, MODEL E501 
¢°CONTROL AMPLIFIER 


MODEL PA 1kVA 
POWER AMPLIFIER 


ACCELEROMETER 





MODEL E 503 OSCILLATOR 


Control and Measuring Electronic instrumentation is now an 
essential part of any Vibration Test System. Complete Systems from 
250 Ib to 18,000 Ib thrust or individual units to build up existing MODEL 8/600 
equipment are available. Oscillators with manual or Auto-Sweep VIBRATION GENERATOR 

(to linear or complex laws) control—‘g’ control—Amplifiers—Signal POST THIS COUPON for full details of the complete range of Goodmans 
Amplifiers—Auto Stroboscope units form part of a comprehensive Vibration Equipment 


GOODMANS INDUSTRIES LIMITED 


range of units which are available in Case or ready for Rack 
Axiom Works, Wembley, Middiesex, England. 


mounting. Complete Racks or Consoles to specification. 


— 
Whatever bration problem. whether faticne, torsiona flexure testing 
invest consult the Vibra owe, ‘y , | 


Please send me a copy of your Vibration Equipment Catalogue 
NAME 


ADDRESS... 





5 OL OF 2). FB FE _- 


GOODMANs INDUSTRIES LIMITED, AXIOM WORKS- WEMBLEY - MIDDX - ENGLAND 
Telephone: WEMbley 1209 (8 lines) Cables: Goodaxiom, Wembley, England 
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with the 
the Exclusive 
original 


ZENITH r jac continuously-adjustable Du tat rak 


Reg Trade Merk autotransformer Keg Trade Mork e93e08 
Reg. Trade Mark Contact Surface 





Designed for the permanent installation— 
conduit entries and wall mounting straps are 
provided. A variety of models is available, 


including two- and three-gang constructions. 


Catalogue VAR-5 gives full Model ‘VSHMPC’ 


details on page 11. Have you a copy Input: 
to hand? 240 volts 50 cycles 


Output: 
0/270 volts 2/2°5 amperes 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS VILLIERS ROAD WILLESDEN GREEN LONDON ie ae 
Telephone: WiLiesden 6581-5 Telegrams: Voltaohm, Norphone, London 


MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVI Si ON COMPONENT 








fELECTRONICS 


HARNESSED FOR ENGINEERS 


A complete range of easy to use instruments and transducers 


are now available for measuring, indicating and recording 


@ TENSILE LOADS 

STRAIN IN MACHINE MEMBERS 
DISPLACEMENT 

FLUID OR GAS PRESSURE 
SHAFT ECCENTRICITY 

GUY WIRE TENSION 

TENSILE CREEP 

DRAW-BAR PULL 

THICKNESS 


We will be pleased to advise on any problems you may have. 


fifo dedi pascwtiljesdadbllalad led dale 


BF? AM Electronics BOULTON PAUL AIRCRAFT LIMITED, WOLVERHAMPTON 
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... is taken for granted by the 
Captain of a vessel fitted with 
Decca Marine Radar. He has 
faith in the quality of equip- 
ment designed and built by 
Decca, who in turn have faith 
in the reliability of Tectonic 
Printed Circuits. 








Tectonic are equipped to wy: || One of the printed circuits fitted 


provide a complete service in | to the Decca radar 12” display 
the manufacture of printed | WAS counele. 
circuits :- 
The panel measures 16 5° » 5° 
’ ul, ; 
Denga, Layout Drawing and uses 3/32" material with 
Photography, Printing, 2 oz. copper 
Tooling, Plating, Machining, “\e They are made to exacting 
Drilling, Punching, etc. 1b tolerances which Decca have 
\2 found Tectonic capable of 
24 HOUR PROTOTYPE SERVICE OF holding. 


= 


TECTONIC PRINTED CIRCUITS 


TECTONIC INDUSTRIAL PRINTERS LIMITED 


WOKINGHAM, BERKSHIRE 
TELEPHONE: 1150-1 


SCOTTISH AGENTS: ELESCO ELECTRONICSLTD 2 FITZROY PLACE. GLASGOW C3 
LICENSEES UNDER BRITISH & WORLD PATENTS OG! (AtD) APPROVED 
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ANNOUNCING THE NEW 





a high quality miniature, 
in-line, digital display tube. 


The XNI NUMICATOR displays digits from 
0 to 9 (or other symbols such as “+” or “—”’ 
or fractions if required) clearly and brightly. It 
operates from a minimum voltage of 180v. D.C. 
and at a current of approx. 1*5mA. 


ia ow if a! Our Technical Service Department is 
| IVa ¢ Te ready to provide further details on 
ay application. 


A member of the Automatic Telephone & Electric Group 
Stonefield Way, South Ruislip, Middx. Telephone: Ruislip 3366. 








ERSIN MULTICORE 5-CORE SOLDER ) SAVBIT TYPE 1 ALLOY Made under sole 


The A.I.D. approved type 362 flux, incorporated British Licence of Patent No. 721,881 
in Ersin Multicore 5-Core Solder, is very effective ps ; Savbit Type 1 alloy was developed after 
on heavily oxidised surfaces and often allows the extensive research in the Multicore 
use of a lower tin content alloy. Ersin Multicore Laboratories into the main causes of bit 
s-Core Solder is supplied on 7 1b. reels in wear. It incorporates a small percentage 
9 standard gauges and 6 alloys. Even gauges of copper which prevents absorption of 
from 24-34 8.w.g. are available in 2 alloys on copper from the bit into the solder alloy. 
1 lb. and $ Ib. reels. After prolonged tests, it was found that 
the life of solder bits was increased by 
up to 10 times. The speed of soldering 
is not affected. 


CONSTITUTION OF en nanan | SPECIAL ALLOYS 


4 special alloys can be supplied for 


ALLOYS OF ERSIN . particular purposes: 
sv 1s : i 


Comsol with a high melting point of 


MULTICORE SOLDER “"™ 396°C. : / 
“ T.L.C. alloy with a melting point of 


145°C is made from tin, lead and 
shows : 5 & 
The diagram she pat Balad 


that all the standard 3° }% PT. (P i aft . 
.T. (Pure Tin) alloy, with a melting 
ee | PRINTED CIRCUITS point of 232°C, is lead-free 





alloys of Ersin Multi- 
sian pond «tg | Leaflet P.C.L. 101 gives full details L.M.P. alloy, with 2°, silver content, 
~ “ th 2 are pasty of a complete soldering process which melts at 179°C for silver- 
earns a lon { } developed by Multicore Laboratories coated components. 
liquid states Practical | for printed circuits. 

ui 3 . x 
experience has shown 
that there are advan- 
tages in having a 











| 
| 
t 
i 
i c 20 a 20 45 a 
plastic range, ¢.g. for PERCENTAGE OF TIN (mecrinc rom oF Tim 2320 
tag jointing where the which may occur with otner alloys where 
use of 60/40 alloy there is slight vibration while the solder 
»bviates fractures is setting solid. : : F L 
peony . " of Modern Solders. It contains data 
; on melting points, gauges, alloys, etc 





a rs } PUBLICATIONS 

\o ? : Laboratory engineers and technicians 
are invited to write on their company’s 
letter-heading for the latest edition 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD. HERTS. 


Tel: Boxmoor 3336 (4 tines). Grams and Cables: Muiticore Hempstead. 
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RADAR 


L. BAND SIGNAL 
GENERATOR 


Frequency Range #00- 

2100 Mc/s in one band; 

single-dial control 

directly calibrated to 
| 

Frequency Stabilicy 





warm-up drift 2°. am- 


bient drift <> .003",,1 C 











X-BAND SPECTRUM 
ANALYSER 
Frequency coverage 
8,600, 10,000 Mc's 
Absoluce Frequency 
| Mes 
Relative Frequency Meas- 
750 Kes 


ive to ImW at the input 


Measurement 


urement 








$-BAND 

SPECTRUM 
ANALYSER 

Frequency Range 2640 
3200 Mc's 

Absolute Frequency 
1.5 Mc's 
Relative Frequency 
250 Ke's 
Sensitivity minus 85db 


Measurement 





Measurement 


relative to ImW at the 


input. 


L BAND 
SPECTRUM 
ANALYSER 


Frequency Coverage !000- 
1800 Mc/s, 20-30 cms 
Absolute Frequency 
+ Mc's 
Relative Frequency 
100 Ke's 
Sensitivity minus 85 d.b 
relative to ImW at the 


Measurement 


Measurement 


input. 
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FREQUENCIES 


Winston Electronics 

offer these instruments to 
all those engaged in radar 
design and manufacture 


in X, S or L Band. 


Winston Electronics are 
the authorised agents for 
Beckman/Berkeley 


frequency meters 


covering 10 c/s to 15,000 Mc/s. 


IN ADDITION TO THE ITEMS FEATURED HERE THE WINSTON 
RANGE OF ELECTRONIC EQUIPMENT INCLUDES:— 


SHEET METAL WORK 
STANDARD METAL CASES 
SHOCKLEY DIODES 
SEMI-DECADE OSCILLATORS 
TEMPERATURE CONTROLLERS 
TRANSISTOR CURVE TRACERS 


CAPACITOR BOXES 

RESISTOR BOXES 

VALVE VOLTMETERS 
TRANSIENT OSCILLOGRAPHS 
BECKMAN HELICAL PRECISION 
POTENTIOMETERS 

TURNS COUNTING DIALS 


BECKMAN/BERKELEY FREQUENCY COUNTING & MEASURING EQUIPMENT 


SUB-CONTRACT Full sub-contract facilities for the develop- 
men and manufacture of Electronic Equipment, and Sheet Metal 
Work. Coil Winding Facilities. A.I.D. and A.R.B. Approved. 
Write for full particulars of facilities available and catalogue of 
Instruments and Electronic Equipment to: 

Dept. E.E. 


ELECTRONICS LIMITED 


INSTRUMENTS—COMPONENTS—PRODUCTION FACILITIES 


GOVETT AVENUE - SHEPPERTON - MIDDX. Telephone: Walton-on-Thames 26321/5 Telegrams: Winston, Shepperton 
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a Complete Scintillation Service 


phosphors and counters 


PLASTIC, LIQUID AND CRYSTAL PHOSPHORS. 


@ PLASTIC PHOSPHOR NE 102, light output 65°, anthracene, available 
in all sizes and shapes up to one ton, in thin sheet form, in fine tubes for the 
construction of scintillation flow counters, or as filaments for the construction 
of scintillation nuclear track chambers. 

@ BORON POLYESTER PLASTIC PHOSPHOR NE 400 and NE 401 
(88%, B) for neutron detection. Standard sizes from 0.5 to 5.0 inches 
diameter. 

SCINTILLATION CHEMICALS of highest purity P.B.D., POPOP, 
T.P.B., p-terphenyl, PPO, D.P.H., alpha-N.P.O., D.M.C., B.B.O., B.P.O., 
D.P.A., D.P.S., vinyltoluene, styrene, xylene, toluene, methyl borate, 
phenylcyclohexane, monoisopropylbipheny]. 

SCINTILLATION CRYSTALS by Harshaw. Exclusive concessionaire 
in Great Britain for NaI (T1), CsI(T1), Lil(Eu), and Li*I(Eu). Nal(T1) 
available in sizes up to 9” diameter « 9” thick, and down to 0.15" thick with 
0.005” Be windows for X-ray counting and spectrometry. Resolution with 
standard sizes 7-8”., on Cs"*’ line. CsI(T1) down to 0.005” thick for alpha 
and proton studies. Li*I(Eu) in special low temperature mounts for fast 

neutben spectoumnstey. PRECISION NUCLEAR INSTRUMENTS 

@ NEW! Photomultiplier-—Nal(T1) combinations with direct coupling of 
crystal to photomuluplier and giving improved resolution. 


202 of the F; tei 3 
@ LIGHT PIPES @ SCINTILLATING GELS a ee 
@ SPIRAL FLOW CELL NE 801 @ LOADED LIQUID SCINTIL- © Pre-Amplifier end Cothode Follower NE s200A 
LATORS @ Single Channel Pulse Height Selectors NE 5102 
and NE 5103 
- we 
Write for Bulletins and Price List @ Shielded Scintillation Head Units NE 5501-3 


@ Highly Stabilised EHT Supplies NE 5302 
1.5 kV) and NE 5303 (5 kV). 





@ Non-overloading Linear Pulse Amplifier NE 


@ Complete assembly for C14 and tritium counting 


Nuclear Enterprises (G.B.) Ltd [iscceeeeeee 


counting facilities. 
a , : @ Ratemeter NE 5401 with six ranges and fiv 
Bankhead Medway, Sighthill, Edinburgh 11, Scotland. time constants. . " 
Tel.: CRA 5262 @ Scanning scintillation spectrometer NE 8601 
@ C.D.C. 100 Channel Transistorised Kicksorter 





Associate Company: Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg, Canada 


AUTOMAL “RA” 
TRANSFORMERS [RRMA oooccccn 


UNIT CE ogy : 
i Om ec tg ce 








—_—-—_—~ 
tC — in ALL STEEL CRirs ex 

Stove GE Bie 

Enamelled CK ec 
DARK REO BR Er py 
4 GREEN M55 ocr —— 
@ Ray e450) 

<a i 


OVERALL 8 Caice 
RECTIFIERS cae Oe cass 
42” HIGH 


= 35” WIDE 
113” DEEP 
—-> 


54 | Ck, 


| 56 @t 


ied 
4? 


4 ou 


_ meceenttae 
y i ee e 
I ¢ S) Contains 54 of these drawers, 


a each 5” wide 3” high 11}” long. 


: D ¥ 54 dividers and 54 drawer cards 
WZ with each unit. Extra dividers 


EQUIPMENT §: > [> 


ENGLAND, SCOTLAND and WALES 


He best you COM buy! N Cc. BROWN LTD 


PT ee EQUIPMENT WING . HEYWOOD . LANCS. 
: j r Tre 
RD SWIN ON MANCHESTE Telephone: Heywood 69018 (6 lines) 
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NAVIGATIONAL AND 
SURVEY EQUIPMENT 


ee 
INSTRUMENT CENTRE” ~ 
ee a a os cr 


20 QUEEN ANNE STREET, LONDON, aS 


The specialised knowledge and advice of 160 TST ae 
AND X-RAY APPARATUS 


yee 


Instruments are available to you through this ii 


British Manufacturers of Scientific Measuring 


one source. 


; KINEMATOGRAPH AND 
Telephones: ALLIED INSTRUMENTS 


Technical Enquiries - IMPerial 6000 
Secretarial Enquiries - LANgham 4251 enasanaan 


WAV AVAVAY, 


\INSTRUMENTS FOR PROCESS 
CONTROL AND AUTOMATION 





Space donated by 
R.B. PULLIN & COMPANY LIMITED 


Manufacturers of Precision Synchros, Motors and Servocomponents 








SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION 
OF GREAT BRITAIN 
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RALSINGULARLY 


non-absorbent! 


Terminal blocks in the radio crate of the Vickers 
Vanguard. By Ward, Brooke & Co. Ltd. 


he 
Used extensively on components, for encapsulation, 
coil formers, cable clips, etc. 
Fairey Safety Ohmmeter: the outer case is coated in 
Ralsin as an insulation against voltage pick-up from 
external sources. 


Raisin (Nylon II) is the golden boy of the polyamide 
family. Even after 400 hours immersion, this remark- 
ably good insulator comes up with no more than 
1.6% water absorption. And it still retains all the 
qualities of its related polyamides — toughness, 
mechanical strength, high softening temperature and 
resistance to chemical action—here are the dry facts: 


Volume Resistivity: 
3 x 10 ohm-cm for 2.5 mm thick sample at 80% 
R.H. for 4 days. 


Dielectric Strength: 
20 kV/mm for a sample 2.0 mm thick. 


Power Factor: 


48 hours of total immersion in water resulted in avery Superior insulator by 


tan d from 0.030 to 0.045 at 1000 c.p.s. 


Ralsin finds use in a wide range of applications | 
from terminal blocks to insulating tape, capacitors W 4 ; FE e e ad £ 
to coil formers, switches to screws, in all manner 
of electro-domestic, aircraft and sensitive electronic 
installations. Whether it is moulded, extruded, Whiffen and Sons Limited 


coated, dipped or machined, Ralsin remains both Willows Works - Derby Road 


physically and electrically stable. armen 9 ve 

: P elephone: Lougnboroug 
Full marks then to Ralsin — an extraordinary poly- Telegrams: Whiffen - Loughborough - Telex 
amide doing some outstanding jobs. Brochure No. Telex No.: 34548 
T/R/6 has been prepared to give you an idea of what » nee ten fo praetor as Kingdom, 
Ralsin can do for you. Just ask for one! Dominions of Mew Zealand and Canade 


A member of the Fisons Group of Companies 


ws2 
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ELECTRONIC 


Atomic 
Energy 
Authority 
TET 


Hassett 
& Harper 
Cabinets 


LONDON SHOWROOM : 1 GREAT CUMBERLAND PLACE, LONDON, W.1. 


ENGINEERING 





The specialised equipment shown in our illustration is 
housed in Hassett & Harper Cabinets at one of the 
Authority’s Establishments. 

We are proud to include the Authority in our list: 
of distinguished customers, and to have co-operated 
with their engineers in this project. 

Whoever our customer may be, we operate with a 
dual aim : to supply his exact requirements and to 
maintain Hassett & Harper standards at a consistently 
high level. From initial consultation, through detailed 
development to completion of a precision-made job 
delivered on time, our engineers will display lively 
and interested co-operation. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


Hassett é. per Ltd 


REGENT PLACE, BIRMINGHAM, 1 * TEL. CENTRAL 6418 
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Dont 
Lose : THE SIZE 11 


AC MOTOR TACHOGENERATOR 


C “e) nt @ oO j : ... provides the required stability for servo systems. It is a 


miniature precision built component of low inertia, low 
residual and good linearity. It conforms to Ministry of 
Aviation Specifications which require normal operation 


for 1000 hours at altitudes up to 60,000 feet. 














MOTOR—2-phase 400 c/s; no-load speed 6000 PRECISION REDUCTION 


r.p.m., stall torque 40 gm.cm. min. GEARHEADS-— can be supplied in 


TACHOGENERATOR—output 0.5 volts/1000 r.p.m.., standard ratios up tol.000:1 or 


residual 20 millivolts max., linearity 0.5% in, cascade -up to 1,900,000: | 


Temperature compensated Motor-tachogenerators 
are also available having general characteristics as 
described above but with output voltage at any speed 
confined to a change of + 14°, for a band of 90 
centigrade degrees within the ambient temperature 
range - 40° to + 85°C. 


Vactric (Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
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International Computers 
and Tabulators Ltd. 


solderless wiring devices 


Application of *Taper Pins 
to wiring Harness. 











Insertion of *Taper Pins on 
Harness into rear of wire 
relay plug in block. 


*Toper-Pin Connection 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept. 14, AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.!. 
Tel: CHAncery 2902 (7 lines) Cables: AMPLO LONDON TELEX. Telex. 23513 


> — = Works: Scottish Industrial Estate, P 
eae vem ort Glasgow, Scotland. 


* Trade Mark of 
AMP incorporated. U.S.A. 


SOUTH AFRICA: DISTRIBUTOR: E. S. MOWAT & SONS (PTY) LTD 51-57, MILNE STREET, P.©. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS (AUSTRALIA) PTY. LTD. BOX 78 P.O AUBURN, N.S.W. AUSTRALIA 

DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY LTD. 43-51 NELSON STREET, ANNANDALE, N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN: U.S.A. CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN AND PUERTO Rico 
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of toknow mote about 





REGD 


Mica Products 


Get to know more about the Delanco 
Mica service. We can assist you in 
the choice of grade and 
type most suitable for the purpose 
required, and give the best 
possible service and attention to 
your requirements. We have our own well 
equipped tool sections staffed 
by operators who know, from years of 
experience, the most efficient 
methods of dealing with the 
various grades in this medium and 
extreme accuracy of tooling. 


Mica segments. Com- 
COMMUTATORS. mutator end segments. 





LAMPS. Mica Baffle plates. 





Mica valvebridges to 
RADIO VALVES. the very close 


tolerances needed 





HEATING Wire wound mica 
elements, Mica washers, 
ELEMENTS. separators, Flexible Mica 


SWITCHGEAR. Built up Mica washers 








Mica washers, Mica 
RADIO AND TV. Trimmer plates. 


ELECTRIC Mica heater elements, 
IRONS. wound. 








Mica heater elements, 
TOASTERS. wound. 








CAPACITORS. Mica Plates 


Tubular eyelets can be fitted to Mica parts, 0) 
supplied separately 


All manufacturing processes including splitting, 
gauging, punching and checking, and inspection 
are carried out at Delanco Mica Division, at our 
Leonard Street E.C.2. factory. 


Delowce mica 
Anglo-American Vulcanized Fibre Co. Ltd 


MICA DIVISION - CAYTON WORKS - BATH STREET : LONDON - E.C.1 
Telephone: CLE 3271 Grams: PROMPSERV, AVE, LONDON 


DELANCO WORKS : LEONARD STREET +: LONDON «- E.C.2 
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First-class 
VALVE 
VOLTMETERS 


These valve voltmeters are only a small part of 
the range of Electronic Measuring Instruments 
by Philips, Mullard Equipment Ltd., and other 
leading makers which we distribute and 
service. Ask for more details and for your 
name to be put on our mailing list—now. 


PHILIPS valve voltmeters are made by PHILIPS EINDHOVEN HOLLAND 


ELECTRONIC ENGINEERING 


PHILIPS GM6012 Broad Band Millivoltmeter (illustrated) 
Measures A.C. voltages from 1 mV to 300V 
between 2 c/s and 1 Mc/s. Especially suitable for 
A.F. engineering, vibration measurement and 
similar uses. 


PHILIPS GM6014 H.F. Millivoltmeter 

For measuring A.C. voltage from 100zV up to 
30V, frequency range 1 Kc/s to 30 Mc/s in radio, 
TV and telecommunications applications. 


PHILIPS GM6020 Microvoltmeter 

Measures 10zV to 100V D.C. in 22 ranges, and 
direct currents from 10 puA up to 10 vA. 
Pointer deflection is independent of polarity, 
this being indicated by two neon tubes. 


MULLARD EQUIPMENT E7555/2 Wide Range Voltmeter 
Measuring ranges: 0.5v to 15kV f.s.d., D.C. or 
peak A.C. Frequency range 30 c/s to 5 Mc/s 
(500v peak max.). A general purpose laboratory 
instrument, exceptionally stable in zero setting 
and calibration. 


MULLARD EQUIPMENT E7556 Voltmeter 

Accurately measures alternating voltages 
between 0.5 mV and 300V in the frequency range 
20 c's to 1Mc’s with a total error of less than 

5° over the whole range. 


Sole Distributors in the U.K. 


RESEARCH AND 
CONTROL INSTRUMENTS LTD. 


207 King’s Cross Road, London, W.C.2 Phone: TERminus 2877 
RCLOOO3 
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(1 i 


For Electronics, Radio 
& Telecommunication 


Field 
ie S * * a * * a 
All qualities from 5 Nickel 
N ICKE L SI LVE R content to 30°,, Nickel content 
CUPRO-NICKEL All qualities from 5 Nickel 
content to 45%, Nickel content 
SHEET Maximum width 24 Minimum thickness 0.006 


STRIP Maximum width 18 Minimum width 4 
Minimum thickness 0-005 


WIRE Maximum diameter §° Minimum diameter 0.0025 


‘Specialities 
High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc 








We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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shapes to cut 
production costs 


Extruded Sections by Low Moor Fine Steels Ltd., in all 
grades of steel, make it possible to reduce machining, 
fabrication or assembly costs. Also the types of 
section which can be produced by 

extrusion do offer completely 

new design possibilities. 


SaSSAD0Ud ONINIHIVW AILSOD ANVWW 3LVYNIWIT3 SNOILD3S 13348 GIGNYLXI YOOW MOT 


Hf Y 
Yyffi 


Technical details will be 
forwarded on request 


Yi llr) 
tts 


For Alloy and Special Steels 
and Super Hiperm contact 
Low Moor Alloy Steelworks 


S SQ 


Re) A ele) LOW MOOR FINE STEELS LTD., Low Moor, Bradford. 


Seek STEGLS LimiTES Tel.: 77331 (9 lines). 


POWNEY) X7 
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PRECIOUS 


Production Facilities for bright silver 


and hard gold plating. 

Plating of printed circuits. 

A.|.D. Approved. 

PRECIOUS METAL DEPOSITORS LIMITED, 


HEARSALL LANE, COVENTRY 


METAL DEPOSITORS LTD 


PHONE COV 73159 





fastest 


fastener 


The locked position. The Dzus Fastener 
is instantly unlocked by a quarter turn 
anti-clockwise. 


Steel spring mounting lends great 
strength and guards against loosening, 
however intense the vibration. 


Cam operation ensures smooth 
easy working vet unbreakable grip; 
fastener supplied to suit any thickness. 


DZUS “:": 


Write for full details of applications in YOUR industry to: 


DZUS FASTENER EUROPE LTD. 
Sales Agents in U.K., Thomas P. HeadJand Ltd., Melon Road, Peckham, London, 8.E.15. 





SURE... 
SIMPLE... 
SAFE... 


@ Dzus are fasteners with a world 
reputation for reliability. They can 
be fitted quite simply in any solid or 
laminated material regardless of 
thickness. 

@ Dzus are quick in action. 

@ Dzus 


@ Dzus are indispensable for hinged 
or removable parts in need of frequent 
inspection or attention 


are vibration-proof 


@ Dzus are the fastest fasteners with 
a variety of uses on Inspection 
Hatches and Panels Engine Covers, 
Machinery Guards, Fascia Panels, 
Radiator Grillesand inthe Electronic, 
Motor Vehicle, Air Conditioning, 
Heating and Shipbuilding Industries 


NERS 


Farnham Factory Estate, Guildford Road, Farnham, Surrey. 
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me it has 


and it's portable 


Light and portable, weighs only 22 Ibs, (10 kg.) 





Electronic Tubes 3AZPI crt gives bright trace with 
excellent resolution.P7 phosphor crt also available. 


EHT 1.4 KV stabilised. 


. . j/ . 
Wide range time base tysec /em— I sec/cm continuously 


ae - variable. 

Velocity and amplitude calibration accurate to 5%. 

Y, and Y, DC-5 Mc/s (3db ) at 100 V/em—100mV/cm 
Continuously variable times 10 X expansion & times 10 shift. 








continuously variable. 














{ 
4 
i 





Y, has additional integral pre amplifier giving 1mV/cm. 
TV frame sync. separator. d 


1% calibration waveform available. 


Trigger ‘stability’ and ‘level’ controls permit triggering 


from any selected point on a trigger waveform. 


Inputs can be ‘floated’ with respect to earth. 

New styling functional grouping of controls, ease of 
handling a oo 2 
@ Waveform available via cathode follower. 


Circuit economy throughout, only two valve types used, @ 
consumption 75 VA. Highest quality components used 
throughout. 
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MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 

Regulation : 015°, 0025), 0-025’, 

Voltage stabil’zation Ratio : 0-1/5 0°075/5 0-0755 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 63V, 2A at each socket 

Size 51 <SExST PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 





Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. rine cinnicetowe, ta man tas 5. 














YOU DESIGN 
IT 


-----+) 


ya WE ee 


= — WE MAKE 


mild or stainless steel, or light alloys. IT ne 


SPENCER & SONS 


( MARKET HARBOROUGH ) LTD. We shal! be pleased to have your enquiries. 
GREAT BOWDEN ROAD . MARKET HARBOROUGH . TEL 2651/2 





ee ee aes 


IT being a quality fabrication in 


EE 22 220 for further details 
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The ability to measure complex impe- 
dances over the range 1 milliohm to 1000 
megohms whilst still in circuit—that is 
the outstanding advantage afforded by 
the Component Bridge B521. 





Accurate to +2°, the B521 is a transformer ratio-arm 
bridge of advanced design intended for the rapid, direct 
measurement of virtually all components and networks in 
research or development laboratories, in the manufacture 
and servicing of radio, television and electronic equipment 


and for a variety of industrial applications. 


un-soldering 
made 
obsolete 


Employment of the transformer ratio-arm_principle— 
affording 2, 3 or 4 terminal measurement — makes it possible 
to measure any arm of a delta network in the presence of the 
other arms. This means, in effect, that even when dealing 
with a highly complicated electronic chassis it is no longer 
necessary —as it is with a conventional Bridge—to unsolder 
individual components in order to ascertain their true value. 
This facility is particularly important at a time when the 
printed circuit is coming into even wider use. 

Full details of this instrument and its applications are discussed 
in Information Service Publication AB521—please write or 


*phone for a copy. 


WAYNE KERR 


Component Bridge B521 


THE WAYNE KERR LABORATORIES LTD. 
Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone: MALden 2202 

® WKS 
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The ROSAN i aescal 


PROMPT DELIVERY 








The Fastening that 
does not require 


“RIVETING OVER” 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 


HILLINGTON GLASGOW 


PPPS DODD DAD DODD AAA DAA AAI AAAS ID EDA AEA 





Manufacturers of all types of my 


ROSAN PRESS NUT 
The Rosan Press Nut is cheaper, easier and faster INSTRUMENT CASES 


than other methods of providing tapped holes in 
sheet or plate. and CHASSIS in all METALS 
: The same size Rosan Nut is suitable for any thickness 
of sheet “There is no maximum sheet thickness’. ee a 


HOW IT WORKS 


Drill or punch hole in sheet Note that impact flows sheet 
metal to specific diameter. metal into space between 
flanges, locking the Press-Nut 
securely in place. Teeth of 








Insert smailer flange into hole. \ 
Apply impact force to exposed the serrated flange broach , 

edge of serrated flange of themselves into the parent \ 

Press-Nut. metal preventing rotation. a se TO uc S$ 
Leaflet and samples sent on request to the manufacturers: \ i 

INSTRUMENTS SCREW CO. LTD 


Northolt Road, South Harrow, Middx. Byron 1/141. 
TAS/IS-14 





N(ENGINEERING) LTO 


27 PACKINGTON ROAD, SOUTH ACTON, W.3 


Telephone : Acorn | 153-4 and at LEEDS 
EE 22 224 for further details 





ELECTRONIC ENGINEERING JUNE 1960 





EE 22 225 for further details 


Ver 
poard 


NEw FP RINTED CIRCUIT 
REVERSE OF PANEL TECH NwWiQu = 


FRONT OF PANEL 


VEROBOARD introduces a new concept in electronic construction with 
printed circuit advantages at low cost. The pattern of holes and strips of 
copper bonded to Veroboard enable any circuit to be made up quickly in 
a finished form which can go straight into production. Standard Veroboard 
is made in sheets 7," thick, 48° wide and 18" long. 


Vero Electronics, a division of Vero Precision Engineering Ltd., South Mill Road, Southampton. Tel 71061 








EX WEL L High Frequency Transmission Line 


Hackethal “‘FLEXWELL’’ HF Trans- 
mission line can be supplied with 
bare copper outer conductor or, 
as illustrated, with steel outer 
conductor copper coated and plastic 
sheathed. 


HFE 33 8OWW (34”) 50 2 impedance 
for HF VHF and UHF with high power ratings. 


Characteristic impedance 

Propagation velocity referred to light as unity 

Capacity 

Maximum admissible service voltage 

Cut-off-frequency 

also available: HFE 17,42RW (13”) and HFE 9 20RW (j”) 










































































+++ 
+ + ote 
+ 





for full details write or telephone: 
W. WYKEHAM & COMPANY LTD. 


17/19, Cockspur Street, Trafalgar Square, London, S.W.1. 


Telephone: WHitehal! 5307 Grams: Telex 22448 | et TT 
| | MFE 33/80WW(2%") 


bette £ 


or Research Laboratories :— 


AEON LABORATORIES 
of 40°C ambient temperature 


“Beech Hill’? Ridgemead Road, Englefield Green, Egham, Surrey wee 
Telephone: Egham 3961 Li Feit 


Hackethal Cables: Siemens & Halske Telecommunication Equipment 10 100 
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A TYPICAL 30 KILOWATT 
STABILISED D.C. POWER UNIT * 





AS LARGE AS 30 KILOWATTS 
OR AS SMALL AS A FEW WATTS! 


FOR ALL TELEPHONE APPLICATIONS 
APPROVED FOR P.O. USE 


UNAFFECTED BY WIDE VARIATIONS OF FREQUENCY, 
INPUT VOLTAGE AND LOAD CURRENT 
BETWEEN MAXIMUM AND ZERO 


FREE FROM CYCLIC MODULATION 
HIGH EFFICIENCY 


SUITABLE FOR USE WITH GENERATORS HAVING 
FREQUENCY FLUCTUATIONS OF ..20 


NO MOVING PARTS OR VALVES 


CAYSON ELECTRICS LTD. 


QUEENS ROAD, WATFORD 


Telephone: WATFORD 7156, 7177, 7452 


CAYTEL 


CONSTANT VOLTAGE RECTIFIERS 




















MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of The British Xylonite Co. Led. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal, Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. ’Grams: Celudol Norwest London 








THE ONLY 


SUB-MINIATURE 
“3000 TYPE” RELAY 


The Hopwood Par 
Type P3 relayalthough 
miniature, retains 
every possible feature 
of the “3000 Type” 
plus ceramic insulation 
and hermetic sealing. 
It can have up to 6 poles; twin 


or HD contacts and tags for 
PRINTED CIRCUITS 


Made tn England 


D. ROBINSON and COMPANY 
717 LONDON ROAD 
MIDDLESEX 


Tel: HOUnslow 6266/7 & 8338 
WRITE FOR LIST 8.1 


HOUNSLOW 
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HIGH GRADE TEST GEAR 
BRITISH AND AMERICAN FULLY REBUILT 


WAVE ANALYSERS by Marconi Instruments type TF.455D for 
measuring distortions from 20 cycles to 16,000 cycles 

BEAT FREQUENCY OSCILLATOR by Marconi Instruments type 
TF.I9S/L; frequency range 50 cycles to 150 Kc’/s; output 2 watts into 
50 ohms. 

SIGNAL GENERATORS by Marconi Instruments. 

Type TF.144G/1 frequency range 15 Kc to 8 M's 

Type TF.144G frequency range 85 Kc to 25 Mc's 

WAVEMETERS Absorption type TS.69,AP; frequency range 340 to 
1,000 Mc's 

Absorption type by S.T.C. Model L.E.|.A.; frequency range 100 Ke to 
48 Mc's. Admiralty pattern R.502 

Q@. Meters by Marconi Instruments type TF.329F frequency range 
50 Ke to 50 Mc's 

R.F. ATTENUATORS type 355A !2 db in | db steps; type 3558 
120 db in 10 db steps frequency range D.C. to 500 Mc's 


Write for new list now ready 


LESLIE DIXON & CO. Dep:. k 


214 Queenstown Road, Battersea, London, $.W.8 MAC 2159 
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double beam Serviscope . . . a logical 
development of the original, highly successful 

S.31 single beam Serviscope. Though weighing 
only 26 lbs. in its rugged steel case, the D.31 

has capabilities greater than many more elaborate 
instruments, plus many improved features 

which make for wider application, more 


accurate measurements and simpler operation. 











D.C. amplifiers and slow speed time base (down to 5 sec/cm if necessary) are eminently 
suitable for servo work and similar applications. Fast rise time (.06 usec) and high 
writing speed (10cm/usec at maximum expansion) are essential for any work dealing 
with fast pulses or TV waveforms. The unique triggering arrangements enable complex 
waveforms to be examined in detail with complete accuracy of synchronisation. At 
this moment D.3] is in use in the diverse fields of computer development and servicing, 
radar equipment, telemetering applications, closed circuit and broadcast TV, automatic 
telephone equipment —in fact in any field where a double beam oscilloscope is 
essential The D.31 costs £95 





ais 











TELEQUIPMENT LTO., 313, Chase Road, Southgate, London, N.14. Telephon=1 FOX LANE 1166 
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SCREEN PRINTING 
m™ MACHINES % 
RANUEC EQUIPMENT 
It will pay to investigate 


this versatile process! / NS TRUMEN BY FOR an 


LEVEL 
TEMPERATURE 
BER OR Rte | PRESSURE 

FLOW 
MICRO-MOVEMENT 
CURRENT 





RECORDING 
Ideal for: 
DIALS, SCALES, FACIA PANELS, COMPONENTS, VOLTAGE 


CHASSIS MARKINGS, PRINTED CIRCUITS, ETC. UPL USALCA | Lasorator 
(DEMONSTRATIONS GLADLY ARRANGED) Y 





Send for brochure EE/G stating measurement ‘required. 


GAYLER X% HALL LTD. | | i 


HARLEQUIN AVENUE, BRENTFORD, MIDDX. FIELDEN ELECTRONICS LIMITED saagpnapebiaty- Meutececohian 
Telephones: ISLeworth 4401-2-3 AUSTRALIA. ITA ANADA. were 














/ 


ee 300,000 - and not A 


Wide range 
50V at 2A 7V at 40A 
Good regulation 4 ‘ The unique construction of the Panorama 


0 to full load 0.1%, ; 7 Aerial Socket Type CS3 has made it a great 
i : success. 


im RP NY SA ee SPECIAL FEATURES 
mn Caney Se 5 Maas % Completely insulated from chassis. 
Better than {00 : | SS “fe *% Soldering lugs designed to maintain 

Low prices cS 7 insulation during soldering. 


% Standard fixing holes and spacings, 
enabling direct replacement. 


WENBROOK CONTROLS LIMITED % Trouble-ires tong life. 
Ravenoak Road - Cheadle Hulme - Cheadle * Cheshire Pp A Be 0 R A M A R A D | 0 C 0 . 


Ph : Hul Hall 1032 
— apateies 73 Wadham Road, Putney, London, SWI5 Telephone: Vandyke 5300 
EE 22 234 for further details EE 22 235 for further details 
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‘MOULDED RUBBERS 
SERVICE 


Consult us with confidence. Our 
technical staff will gladly study and advise 
on your particular requirements. 

Our inspection organisation is fully 
A.1.D. and A.R.B. approved. 


Dt et . 





Peo oe SS ge ate. ae iat 
THE HARBORO’ RUBBER CO.,LTD. Dainite Mills, Market Harborough. Tel: 2274/6. 
EE 22 236 for further details 
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Consult 


\Birch/ 


REGISTERED TRADE MARK 


for 
TOROIDAL 
RESISTORS 














Patented ceramic 
moulding with horizontal op- 
posed copper graphite internal 
brush movement. 


WINDING 
Best quality 


wires to B.S.S. 115. 
WRITE FOR LIST NO. 130 


resistance 





VITREOUS ENAMELLED RESISTORS 


Ferrule or wire end type: 


full range of 24 sizes—14—250 watts. List 190 


Also makers of:- 
Asbestos Woven Mats. 
Heating Elements. 
Loading Resistors. 


Motor Operated Resistors. 
Stud Type Resistors. 
Sliding Resistors. 





reaor 


eeGrsiranto 


H. A. BIRCH & CO. LTD. 
WOOD STREET, WILLENHALL, STAFFORDSHIRE 


Telephone WILLENHALL 494 - 495 *- Grams WILOHM WILLENHALL 


LONDON OFFICE: HERGA WORKS, WALLINGFORD ROAD, 
UXBRIDGE, MIDDLESEX Telephone: UXBRIDGE 5211 
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direct-current 
TACHOMETER 
GENERATOR 


permanent-magnet 





APPLICATIONS 


© SERVOS The highly linear output and wide 
speed range are ideal for velocity or integrat- 
ing servos. Low driving torque permits its use as 
a damping or rate signal in all types of servos. 


O INDICATING TACHOMETER Matching indicating 
meters available from stock in various speed 
ranges. 


© SPEED TRANSDUCER Ideal for use as a speed 
transducer in connection with fast-response 
direct-writing oscillographs. 
FEATURES 
© SIZE Miniature. Approx. Dia. 1%”, 


© OUTPUT Various models with outputs as high 
as 45 volts/1000 rpm. 


© LINEARITY Linearity from 0 to 12,000 rpm is 
better than 1/10 of 1% of voltage output at 
3600 rpm. 


© BRUSH LIFE Better than 100,000 hours (10 
years) of continuous operation at 3600 rpm. 


© BIDIRECTIONAL OPERATION Output in either 
direction is held toa Y% of 1% tolerance. 


© RIPPLE The rms value will not exceed 3% of 
the d-c value at any speed in excess of 100 rpm. 


© CONSTRUCTION Aluminum housings with pro- 
tective treatment; stainless steel shafts; fully 
shielded ball bearings; Mylar insulation. 


SEND FOR COMPLETE DATA 


TYPICAL PRICE 
Model No. $A-740A-2 £ I] 

(7 volts/1000 rpm) © 
SINGLE UNIT - POSTPAID U. K. 
Quantity Discounts 
* 

Sewo-Tek | 


PRODUCTS O 





1086 Goffle Road, 
Hawthorne, N. J., U. S. A. 


CABLE ADDRESS: SERVOTEK HAWTHORNE, N. J., U 


Main Office: 


ELECTRONIC ENGINEERING , 
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IT COSTS NO MORE 
TO BUY THE BEST 


Specify WESTON 
on your equipment 


The demand created by the high 
quality of Weston meters is such that 
production techniques can be em- 
ployed which enable these outstand- 
ing instruments to be produced at 
competitive prices. 


There can be no finer 
advertisement for your equipment 
than the name ‘‘Weston’’ 
on the meters installed 





4 


The type N.600, latest of the Ekco Electronics Ltd. Ratemeters, for use with isotopes in medicine, industry and 
research, uses Weston Meters. Photograph by courtesy of Ekco Electronics Ltd. 


Oo WESTON LIiMIiTED-+- ENFIELD MIODODX 


Telephone: Enfield 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield. 
SW.94 





East 307t23 
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VALVE BASES (Stems) 
in Lead and Hard Glass 


VALVE SLEEVES 
QUARTZ CRYSTAL CONTAINERS 


We specialise in short runs to customers’ specifications 


We invite your enquiries, also for other Glass Parts for 
the Electronics Industry. 


DAY-IMPEX LIMITED 


Progress Works, Brunel Road 
Eastwood Industrial Estate, Southend-on-Sea, Essex 
Telephone: EASTWOOD 525296/7 
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HIGHEST PERFORMANCE — LOWEST COST 
pe HavitantnD TORQUE MOTORS - senies 2 


Compact, Light, Precision-Built: Suitable for Industrial, Aviation and Missile applications. 


The following are characteristics of a typical model from the wide range of 

de Havilland torque motors: 

(i) Maximum deflection + 0°15 radians (17° total) 

(ii) Maximum torque 1,500 gm. cm. in central position 

(iii) Deflection sensitivity 0°0092 radians/mA ( differential excitation ) 

(iv) Torque sensitivity 7°6 gm. cm/mA (differential excitation ) 

(v) Hysteresis less than 1°5°% of amplitude 

(vi) Threshold Resolution (Friction Level) — torque motor responds to 
0°1°%, of full scale current 

(vii) Natural frequency approximately 500 c/s 

(viii) Windings — 2 coils, 510 ohms each 

(ix) Vacuum impregnated 1000V insulation 

(x) Weight 4°5 oz. 

This model has an impedance suitable for differential magnetic amplifier drive 

and is intended for driving a low stiffness load. 

The unit is also available with windings from 10 ohms to 8,500 ohms 


per coil to suit other types of driver amplifier. 
In addition, models with the following special features are available:— 


(a) Outputs up to 2,500 gm. cm. torque with + 9° travel 
(b) Hysteresis below 0°7% 
(‘d) Calibrated as a velocity pick-off having a sensitivity of 6v/radian/sec, 


de Havilland Propellers will be pleased to give further information and 
advice on the use of these torque motors. 


DE HAVILLAND PROPELLERS LIMITED cindustriat sates) 


Hatfield, Herts. Tel: Hatfield 2300, Extn. 606 





BOLTomw’s 
H.C.COPPER 


STRIP, SHEET, TAPE & FOI 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled 


and sheared. Sheets up to 10 ft. x 4 ft. in any thickness over yin. ee . THOMAS BOLTON 
- & SONS LTD 
Head Office : Mersey Copper 
“= ~WNorks, Widnes, Lancashire. 
Annealed strip for generator and transformer windings, etc., with -  Tel.: Widnes 2022. 


thinner sizes 6 ft. x 3 ft. or 4 ft. x 2 ft. 


London Office & Export Sales 
Department ; 


in the production, in suitable sizes, of long jointless lengths 168 Regent Street, W.1. 
Tel.: REGent 6427. 


square or rounded corners, or with rounded edges; Bolton’s specialize 


weighing up to 18 cwt. Hard-drawn and semi-hard-drawn strip in coils 
si, <nOMa, 
or in straight lengths; supplied in special tempers, to close tolerances, 3 BOLTON 


and on drums, when required. Foil down to 0.001 in. by 3 in. wide. 


EE 22244 for further details 
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PROBLEM SOLUTION 


Sequence pumping is occasionally required in 
a hand-operated pumping plant which, 
although intended to be used spasmodically, 
must also be guarded against failure of water 
supply. Other pre-requisites are rough and 
fine pumping; isolation and air admittance. 


Rotary pumps, diffusion pumps, valves, 
combined units—these are but a few from 
the very full range of equipment now being 
produced for the High Vacuum industry 


Type H.C.U. Pumping Plant 


By means of the two hand valves used in 
conjunction with the baffle valve, sequence 
pumping may be obtained when using the 
Type HCU Pumping Plant which is 
equipped to"give Rough Pumping and Fine 
Pumping, isolation orjAir Admittance, and 
water relay to protect the Diffusion Pump 
against water supply failure. In general, 
the HCU is more suitable where access to 
the vacuum chamber is not required for 
production sequence cycles, and where the 
plant is not likely to be left running over- 
night without supervision. 


by N.G.N.....our technical services are 
being increasingly used to assist and advise 
on problems of High Vacuum. Why not 
make use of them—NOW. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


b SAF 


LAMINATED 
PLASTICS 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 5611-2 











There is certain to be 


SOMETHING OF INTEREST! 
to you among the following items from our stocks 


SELSYNS for remote torque transmission 

MAGSLIPS for remote indication, power control and computers 
IPOTS for electrical computers. 

SINE COSINE POTENTIOMETERS AND RESOLVERS fer 
electrical resolution 

VELODYNE MOTOR GENERATORS for servo control. 

SERVO MOTORS AND AMPLIFIERS 

BALL AND PLATE UNITS for integration and variable speed drives 
AMPLIDYNES AND METADYNES for remote control 
MAINS/BATTERY (12v) SUPPLY UNITS for mobile equipment 


Serve and Electronic Sales Ltd. 


1, Hopton Parade, Streatham High Road, London, S.W.16. Streatham 6165 
Technical Dept: 43, High Street, Orpington, Kent. Orpington 31066 


WRITE FOR DATA SHEETS TO-DAY! 
EE 22 247 for further details 


Formapex 














PAPER AND FABRIC BASE GRADES FOR 
ELECTRICAL INSULATION 


FORMAPEX is being used increas- 
ingly for terminal boards, switch- 
boards, control panels and small 
electrical parts. It can be machined 
or punched, and qualities are made 
to meet all appropriate British 
Standard Specifications. 


YOU are invited to apply for a 


copy of our 1960 illustrated 

brochure and price list which gives 

High dielectric strength 
ll details id 

High strength/weight ratio “ ea ee ee a 

Resistance to heat, mois- 

ture, weak chemicals. 


us 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


10CO LIMITED 


Scotstoun 5501-6 


THEGQUARTZ CRYSTAL Company Ltd. 


Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Maiden 


EE 22 248 for further details 
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RESIS. FARCE 


SUB—STANDARDS 


A range of high stability | watt sub-standard 
resistors. Releases more expensive equip- 
ment e.g. Resistance Standards and/or 


Resistance Boxes. 


NBREA 3 ! 
U EAKABLE 25/- EACH Popular values from !—1!,000 ohms available. 


For full details please request leaflet INo. 67. 


Also manufacturers of :— 


PRECISION POTENTIOMETERS 
AC/DC CONVERTOR 
WHEATSTONE BRIDGES 
KELVIN BRIDGES 
INSTRUMENT SWITCHES 
RESISTANCE BOXES 
RESISTANCE STANDARDS 


ACCURACY 0.1% 


CROYDON PRECISION INSTRUMENT CO. 


HAMPTON ROAD, CROYDON, SURREY TELEPHONE: THO 4025, 4094 











V.217 





EW Races METERS 


NEW MINIATURE NEW CONTEMPORARY METERS 
EDGEWISE METER “VISTA” RANGE 


A completely new range of 


modern style Panel Meters in ; 
2°—6” mouldings incorporating 3 

i | 
our well-established centre pole en 


; metider, F 
movement of extreme robust- ” thd 

ness. Cases available in various y Nas 
colours: sensitivities from 5 

micro amps. , 


. MICROAMPERES 
Very competitive prices. 


Edgewise Meter, Mode! 220. ACTUAL SIZE 


A new miniature Edgewise Meter occupying approximately one quarter 
panel area compared with meters having equivalent scale lengths. 
Transparent case provides shadowless readings and design of the oe MODERN DESIGN 
mouldings allows room for self contained circuitry and components. 
Our centre pole movement is incorporated, providing inherent mag- 
netic; shielding, allowing meters to be mounted in close proximity. 
Comparative readings can be obtained by mounting two Edgewise 
Meters next to each other. 


% OPEN SCALES 


%* HIGH SENSITIVITY 


We also manufacturefa wide range of Electronic Equipment including: Multi-range Meters, 
Valve Testers; Oscilloscopes; Generators; Valve Volt Meters; Wobbulators; Audio 


* MAXIMUM READABILITY * LIGHT Generators; Bridges, etc., as well as a wide selection of other Panel Meters incorporating 
* MINIMUM PANEL SPACE WEIGHT our robust centrefpole movement. 


Write for TAYLOR ELECTRICAL INSTRUMENTS LIMITED 


full MONTROSE AVENUE, SLOUGH, BUCKS. Telephone: Slough 2138! Cables: Taylins, Slough 
pe: Member of the METAL INDUSTRIES Group of Companies . 
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PRESSINGS 
and 
PRECISION TOOLS 


Be sure of prompt and efficient 
production with Rickards 
precision presswork and tools, 
swaged and pointed parts, 
springs, etc. Place your ON A:ID 
business with confidence. APPROVED 
Contact: LIST 


E* D* RICKARDS & CO. 


WELLINGTON WORKS - ASTWOOD BANK 
REDDITCH 
Tel: Astwood Bank 23 . Grams: Wellington Astwood Bank 
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The choice... 


---Of the discerning engineer 


Type 43. A neat and com- Type 65. A larger version 
pact instrument offering 3.2° offering 5” of scale for a 34” 
of calibrated scale for a 24” y di . Illuminated 
body diameter. Wei ght version available. 
approx. 7; ozs. 





The Sifam Technical Representative 
will be giad to call and discuss your 
instrumentation requirements. Write 
or telephone now. 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 
Leigh Court, Higher Lincombe Road, Torquay, Devon 
Torquay 4547-8. 
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ROTATES OR RECIPROCATES 
MECHANICALLY OR 
ELECTRICALLY 


COUNT ON... 


COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 


C.W. $327. 
EE 22 253 for further details 
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52°, saving in time 
and money in addi- 
tion to avoiding 
production _ bottle- 
necks and wastage 
of materials, is really 
something. Buying 
is simple, for each of 
the three cradle sizes 
has a wide scope in 
carrying capacity, 
and Cradleclips are 
sO strong, there’s no 
wastage. 

At every stage of 
switchgear production 
and wiring con- 
tracts Cradleclip 
brings outstanding 


scvantages, a” __._| TROPYDUR CAPACITORS 


Reliability and Long Life 


Prompt Delivery: 200,000 to 300,000 pieces always in London 
ensure a prompt and reliable delivery at very short notice. 

Size and Shape: Because of the unique flat oval design combined 
with small physical size, WIMA are ideal for printed circuits and 
where space is valuable. 





TECHNICAL SPECIFICATION 


a E Capacity Range: 1000pF to Imfd in accordance with international E.6. series. 
Photograph by kind permission 

TWICE AS GOOD.. of South Wales Switchgear Lid., Temperature Range: —20°C to +90°C. 
TWICE AS QUICK. Blackwood, Monmouthshire, Power Factor: Less than 1% at 1500 c/s at 20°C. 


mw ‘‘ Cradleclip” is 
Trade Mark Insulation Resistance: Better than 20,000 MQ at 20°C 


© a 
cradleclip | #:.2:"%..2 
Insuloid Manu- Special Properties: Safe HF contact Low induction. Screened by 





facturing Co. 
Lid. extended outer foil. 





WITH CRADLECLIP ! Cuts wiring time by 52°,. 
=ecr high d fi h 
Gent for fully descriptive pa preteen anaien: pane, Wen. nGeeay hemeiane: 3 a SET NO INE vo Oe ee 
pane we the Insuloid Brings a new versatility, compactness and | RANGE STANDARD SPECIAL | 
- eclip Wiring neatness to your wiring. | —— _ . —_-~-—_- - | 
ye Bg = Completely insulated and suitable for 1000 pF to 0.068 mfd +20%, + 10% 
Sane . Se omer all climates. 0.1 mfd to | mfd + 10% +5%, 
oe Products for Electrical and mechanical security in ait ~ mm 
greater cable fixing conditions r R 
SAS an we ee Proved in wiring installations throughout the CLOSER TOLERANCES 
é nec . é usté 4 
Saddles—NX, X ad CY world. can be supplied for some values against special orders. 
Cable Clips—Ring Lock Proof of facts about how you can save 
Bushes—Busbar I[nsula- “ ith CRADLE 
tion with P.V.C. Slee- money on wiring wil CLIP 


ving = - Flexiguard is contained in our Time and Motion FULL TECHNICAL SPECIFICATION AND PRICES FROM:— 
Cubicle-to-Door Cable OScudy Report which is available now at 


Resins your requ. WAYCOM LIMITED 


INSULOID MANUFACTURING CO. LTD. 2018 U.K, neat 


Sharston Works, Leestone Road, Wythenshawe 
, poh. : Pi ILDI . ° ™* fe 
Manchester. Tel. WYT 2842 & 3163. EMPIRE BUILDINGS ge _— LONDON, 5.E.! 
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SENSATIONAL 
TOOLING DEPARTURE 
PRODUCES BLANKS 
AT “KNOCK-OUT’’ PRICES... 


"GC ROS LAN D OF COURSE 


Low cost t 


Any material 











BREDBURY, Nr. STOCKPORT, CHESHIRE 
Tel: Woodley 2621 (3 lines) 


LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E.8 
Tel: CLissold 6701/2 


ELECTRONIC ENGINEERING 
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Wilkinsons 
for RELAYS 0. rvee 3000 


BUILT TO YOUR SPECIFICATION 
Contacts up to 8 changeover 


a quick DELIVER 


 KEEW PRICES 


SOLENOIDS 


SOLENOIDS suitable for remote control, 
mechanical indicators etc. 12v D.C., 400 
M.A 3} arm, }” movement. 

5/- each net. 


GEARED CAPACITOR 

MOTORS. 220-240 v., 50 

cy., 30 watts, 300 r.p.m., also 

spindle for 1425 r.p.m. A very 

powerful and useful motor. 
75/-, post 3/6 

MAGNETIC COUNTERS 

Counting to 9999 

2-6v D.C. 15/- each post I/6 

High Speed Type No. 100c 35/- 

post 1/6 

High Speed Counter with Zero 

Reset 45/- post 1/6 


VEEDER-ROOT MAGNETIC COUNTER Genera! purpose 
type with zero re-set. 800 counts per minute up to 999999. 48 volt D.C. 
55/- post 2/6. 

RACKS—POST OFFICE STANDARD. 6 fc. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


Phone: CRO. 0839 Grams: WILCO CROYOON 








MINIATURE ELECTRIC BULBS 
FROM 1V to 50V 
IN SIZES FROM 4.5mm to 18mm DIAMETER 
After nearly 30 years of specialising solely 
in the production of Miniature Electric 
Lamps, we have accumulated a store of 
information that is freely available to the 
Electronics Industry. You are invited to 
write or phone us for any information you 
may require about Miniature or Sub Mini- 
ature Filament Lamps for use in existing 
or new projects. 
VITALITY BULBS LTD. 


Neville Place, Wood Green, London, N.22. ‘Phone: BOWes Park 0018 
EE 22 258 for further details 


A. C. SOLENOID type SAM. 


Now fitted with stainless steel 
guides—six times the life. 
Continuous 14 ozs. at }” 
Instantaneous to 5} Ibs. 


Larger and smaller sizes 
available. 


Also Transformers to 7kVA 
3 Phase. 


A. WEBBER LTD 
R. A. . 
18, FOREST ROAD, KINGSWOOD, BRISTOL Phone: 67-4065 
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TRANSISTORISED 
AUTOMATIC VOLTAGE 
REGULATORS 


>> *. 

.~ — 
ts -— 
ono: 


Model shown is for the control of a 28 Volt D.C. generator PATENTS PENDING 


for use on aircraft. 





Regulation closer than + 1% between ex- 
tremes of temperature from —60°C to + 70°C 
Speed of response 50/60 milliseconds. 

For industrial purposes at normal ambient 


temperatures regulation within = 0:5%. 





.Dimensions 5” x 6” x 54” high. 
Weight 4 Ibs. 


NEWTON 
DERBY 


A~REFERENCE BRIDGE 
B-TRANSISTOR AMPLIFIER 


NEWTON BROS (DERBY) LTD 
ALFRETON ROAD DERBY 
Phone: Derby 47676 (4 lines) GRAMS: DYNAMO « DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 





THE BECKMAN-BERKELEY TRIO 


DIGITAL FREQUENCY 


MEASUREMENTS 


From 20cps.-/5,000 Mcs. 


THE BASIC UNIT 


Units may be obtained 
separately Pi: 
° 
FREQUENCY MEASUREMENTS 
20 cps. to 10 Mes. 
SEVEN DIGIT READOUT. 
ACCURACY +1! COUNT 


t+OSC, STABILITY. | 
3 PARTS 


OSC. STABILITY 
IN 10? PER WEEK. : aa 


* TIME MEASUREMENTS. 
0.3 usec. to 10’ secs. 


TEN DISTINCT OPERATIONAL 
MODES IN ADDITION TO SELF 
TEST FACILITY. DISPLAY TIME 
FROM 0.1 TO 10 SECS. ON 
AUTOMATIC RESET, IN- 
DEFINITE ON MANUAL. PHASE 
MEASUREMENTS MAY BE MADE 


THREE SEPARATE INPUT ne ae aoe eee ) 
CHANNELS. ‘6 a pany a a. ° 
e e @ 2 . > 4 ° 
+. * 
10 Mcs. Universal 
UT Meter 


A WIDE RANGE OF 
BECKMAN-BERKELEY 
COUNTERS IS 
AVAILABLE— 


For full details write to Dept. E.E. 


Model 7370 
E 


Model 7580 Computing a . 
* e SELECTRONICS LIMITED 


Transfer Oscillator operates 
with the 7370 10 Mes. 
EPUT to measure CW, 
AM, FM, or pulsed R.F. 
signals up to 15,000 Mcs. 
Sensitivity !00mv. rms. 
into 50 ohms. 


Model 1452 Digital Recorder. 
Collects readout information 
from a counter and prints 
indication on adding machine 
tape. Prints sixty 7 digit 
numbers per minute. 


EE 22 261 for further details 
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INSTRUMENTS - COMPONENTS - PRODUCTION FACILITIES 
GOVETT AVENUE, SHEPPERTON, MIDDX. 


Telephone: Walton-on-Thames 2632! Telegrams: Winston Shepperton 
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WHY PICK ON US? 


eoe a question with many answers 


FOR CAPACITY, because at short notice, Broxlea can handle 


work that might otherwise overload your own organisation. 

Broxlea offers production facilities to handle light assembly and 
wiring for all branches of the Telecommunication and Electronic 
Industry. Work can be done under supervision of your own Engineers 


or Inspection Staff. You are invited to contact our Development 


Department for further particulars of this unique service. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 





Entrance Hall to the 
Broxlea Works, 15 miles 
Jrom central London on 
the Ald road to 
Cambridge. The Works 
are specially designed 
and laid out to handle 
work for the Electronic 
and Telecommunication 
Industry. . 


Trusted by the people 
you trust 

Below are some famous names— 
firms who entrust work to 
Broxlea:— 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Ltd. 
Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 

Enfield Cables Ltd. 

English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 
General Electric Co. Ltd. 
General Precision Systems Ltd.— 
Air Trainers Link Division 
Ilford Ltd. 

International Computers and 
Tabulators Ltd. 


Marconi’s Wireless Telegraph Co. 
Lid. 

Microcell Ltd. 

The National Cash Register Co. Ltd. 


Pye Ltd. 

A. V. Roe & Co. Ltd. 

Siemens Edison-Swan Ltd. 
Standard Telephones & Cables 
Ltd. 

Telephone Manufacturing Co. Ltd. 
Texas Instruments Limited 


Tube Investments (Grotp 
Services) Ltd. ? 
Witton-James Ltd. 


you will be in good 
company if you, too, 
trust Broxlea. 


BROXLEA PRODUCTS LTD. (A.I.D. BROXBOURNE, HERTS. Hoddesdon 4455 
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VEEDER-ROOT When you need 
COUNTING SPEED 


w 2—60 





INSTANTANEOUS 
RE-SETTING BY 
PUSH-BUTTON 
OR SOLENOID 














Send for technical information. Specify VEEDER-ROOT Quick Reset, High 
iA Speed Magnetic Counters 

The 1585 (Manual Reset) and the 1557 (Electrical 
VEEDER-ROOT LTD Reset) are designed for accurate, dependable, remote 

; indication of machine operation, or for counting 
Division W articles at high speed. Speed is 3,000 counts per 
King Henry’s Drive New Addington Surrey minute, manual or electrical reset, 6 figures. Made 
Telephone Lodge Hill 3344-6 for panel mounting. 














Vue SS 


buy Sorting boin, 


£4 


* Well-proved design. 


* Up-to-date folded section 


construction. 
: IDy-haveee 
* Rack tappings to suit 
British, U.S. and Conti- | 


nental equipment. i - 
oR scam are engineered to your requirements 


frames. In the finest quality zinc-coated steels and finished 
# Unit doors of eny size on in high-relief hammer stove enamel; other finishes 
front or rear. available to your own particular specification. 


%* Cooling by blower, extrac- Delivery period for most standard 


tor fan or natural convec- : 4 4 
tion without modification to , Racks is seven day wl wae 


ih 
rack. , 


: METAL PRODUCTS LTD. ,-~ 
, IDyhabeeel COLNE WAY TRADING ESTATE - WATFORD-BY-PASS Eg— 


WATFORD - HERTS ROUP 
Telephone: Watford 22351 Telegrams: Datum, Watford 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, I4s. Box number, 


2s. extra, except in the case of advertisements for 


Specially Spaced Classified—50s. Od. per single column inch. 
Copy, with remittance, for the above advertisements, must be received before the | 4th of the month for insertion 


in the following issue. 


oe Classified—Full Page, £75 (based on specially spaced classified rates). 
ages prorata. Copy dates: With proofs, 5th of preceding month. Without proofs, 10th of preceding month. 


Eighth 
Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., “Electronic Engineering’, 28, Essex Street, Strand, London, W.C.2. 


**Situations Wanted’’, when it is free. 


Half Pages, Quarter Pages and 








OFFICIAL APPOINTMENTS 





BOROUGH tg ~AS — sagg = Borough Road, 
London, S.E.1. _ Princi James E. Garside, 
M.Sc.Tech., Ph.D., FRIC., F.1.M., F-.Inst.F. 
Research Assistant. deateniies are invited from 
graduates or those about to graduate for a Research 
Assistantship in connection with the following 
investigation.—The Development and Application 
of Tr tors to - P ——— The — 

project envisaged appropriate for submission 
by a suitably cualified person) for a higher degree of 
the University of London. Research Assistants are 





to e, as part of their duties, a 
limited amount of teaching for which payment is 
made. Total remuneration Sn £450— 

Further particulars and application form, 

id be 


Clerk to the Governing Body. 


ae HEATH HOSPITAL, 


Lincoln. A 


tions are invited for the post of 
lograph Recordist at the above 
hospital. A new department is being established and 


the successful applicant will be responsible for the 
cau organization of the department. Salary and 
conditions of service in accordance with Whitley 
Council Recommendations, Grade I or II, subject to 
experience. Applications, in writing, together with 
the names of two referees, to the Group neg 
as soon as possible. W 1328 


CITY OF LEICESTER EDUCATION COM- 
MITTEE Leicester College of Technology & 
Commerce. Principal: R. E. Wood, M.Sc., F.Inst.P 
Applications are invited for the post of Lecturer in 
the School of Physics and Applied Science. Candi- 
dates should be Graduates and have had teaching 
and/or industrial experience in Electronic and Control 
Technology, or a related branch of Applied Physics 
Salary: Burnham Technical Scale £1,370 to £1,550 
per annum. Forms of application and further 
particulars can be obtained from the Registrar, 
College of Technology and Commerce, Leicester, 
to whom the completed forms should be returned 
as soon as possible. W 3868 


EXPERIMENTAL OFFICER REQUIRED 
at the National Institute of Agricultural Engineering 
to work, in co-operation with the Dept. of Hop 
Research, Wye College (University of London), on 
engineering problems connected with the mech- 
anization of hops and hop drying. Applicants 
should possess degree in engineering, H.N.C. or 
equivalent qualifications and have experience of 
research work. Minimum age 28 years, super- 
annuation. Salary scale £954/£1,166. Application 
forms from the ‘Seanetary, N.LA.E., wee © 25 


MINISTRY OF AVIATION requires a Tech- 
nician at Woolwich to supervise a section ¢ in 
environmental testing specialised —_"—- and 
electronic and 
of stratosphere chambers, vibration Sosipaion and 
similar os. and to take an active part in the 
interpretaticn of the tests hak ged = Is. 
ecognized engineering uiv. 
= in radar or electronics, O.N. Cc. & G. 
Final . or equiv. Experience in use of electronic 
test equipment or with pulse operated apparatus 
and in inspection or in electrical testing methods an 
advan Salary £720 (age 26)—£ p.a. BS 
cation forms from Manager (P.E. 184s) 'M 
Professional and Executive or’ Atlantic House, 
Farringdon Street, London, E.C.4 3865 
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LANCHESTER COLLEGE OF TECH- 
OLOGY, Coventry. Principal: A. J. Richmond, 
B.Sc. (Eng. Lond.),Ph.D., M.1.Mech.E. Applications 
are invited for the following posts, duties to com- 
mence Ist September, 1960. This new College will 
offer advanced sandwich and full-time courses, 
H.N.C. and certain more advanced City and Guilds 
courses, as well as a range of professional courses 
in Commerce and Management Studies. The de- 
partment of Electrical Engineering will have a 
limited number of new rooms, laboratories and new 
equipment until the whole of the building programme 
is completed, when it will be housed entirely in new 
buildings. Department of Electrical Engineering. 
2 Senior Lecturers in Electronics. Candidates for 
the posts should normally be University graduates 
and Chartered Electrical Engineers. Appropriate 
industrial or research experience is essential for these 
posts, and while teac ex would be an 
advantage, it is not essential. Excellent facilities for 
research and development work will be available, 
and is encouraged by the Governors. Salaries 
(Men)—£1,550 x £50—£1,750 p.a. In certain 
circumstances, candidates may be id a commencing 
y above the minimum of scale. Women 
receive slightly less at present, but equal pay will 
apply from April 1961. Further particulars and 
——e forms stating the post concerned may be 
by sending a stamped addressed foolscap 
envelope to the Registrar, Lanchester College of 
Technology, Temporary address, Butts, Coventry, 
to whom — forms should be returned 
immediately. . L. Chinn, Director of ee. 


NEW ZEALAND Air Department Radar Tech- 
nicians—-N.Z. Civil Aviation Administration. Salary 
Up to £910 a year depending on qualifications and 
experience with further prospects of advancement to 
established positions. Location: Wellington Airport 
or Dunedin Airport. Qualifications Desired 
Recent experience in the maintenance of S and X 
band ground radar equipment together with Ist Class 
P.M.G. Certificate or “Cay and Guilds Radio 2 and 
Tels 2 Certificates or equivalent qualification. 
Duties: Operation and maintenance of Precision 
Approach and Surveillance Radar installations. 
Training: Appointees will be required to undergo 
approximately 3 months training in the United 
Kingdom on full salary, in the operation and main- 
tenance of radar equipment of the type installed in 
New Zealand. Sea passages to New Zealand for 
the appointees and their families, if any, will be 
arranged and paid for by the Department. In 
addition, an allowance will be made towards the 
cost of transporting personal effects. Enquiries, 
mentioning this publication and quoting Reference 
No. B.11/6/5, should be addressed to the High 
Commissioner for New Zealand, 415 Strand, London, 
W.C.2. Further details and application forms will 
then be supplied. Completed applications must be 
lodged in London not later than 22 July, 1960 

W 3871 


THE SCIENTIFIC CIVIL SERVICE needs men 
and women for pensionable posts as (a) Senior 
Scientific Officers and (b) Scientific Officers in all 
major scientific fields, including physics, engineering, 
chemistry, meteorology, mathematics and 

Age limits: (a) at least 26 and under 32, (b) at least 
21 and under 29. Extension for regular Forces 
Service and Overseas Civil Service. Qualifications: 
normally first or second class honours degree in 
science, mathematics or engineering, or $Ieoy 
attainment; er for (), at least 3 

relevant (e.g. post-gr: te) se ml 
salaries (men): (a) £1 jimi , (b) £655—4£1, 150; 
provision for starting pa above minimum. ’Pro- 
motion prospects. Write Civil Service Commission, 
17 North Audley Street, London, W.1. for application 
form, quoting (a) S/53/60, (b) S/52/60. W 3864 
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PATENT EXAMINERS and Patent Officers 
Pensionable posts for men or women for work on 
the examination of Patent applications. Age at 
least 21 and under 29 (36 for Examiners), with 
extension for regular Forces service and Overseas 
Civil Service. Qualifications: normally first or 
second class honours degree in physics, chemistry, 
engineering or mathematics, or equivalent attain- 
ment, or professional qualification, e.g. A.M.1.C.E., 
A.M.L.Mech.E., A.M.LE.E., A.R.LC. London 
salary (men) £655 -£1,460; provision for starting 
pay above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1., for application form, quoting S/128/ 

and stating date of birth. W 3859 


RESEARCH FELLOWSHIPS (3 _ years) 

Government Scientific Establishments. Value 
£1,150—£1,400 p.a. (Senior) and £800—£1,100 p.a 
(Junior). A very wide range of topics, especially in 
the physical sciences; also several vacancies in 
various branches of Biology. Qualifications: 
normally first or second class honours degree; 
evidence of high Standard of ability in research; 
and at least 2 years’ post-graduate research experience 
(3 years for Senior Fellowships). No age limits 
F.S.S.U. Write Civil Service Commission, 17 North 
Audley Street, London, W.1. for application form, 
quoting S8/5060/60 W 3867 


RHODESIA RAILWAYS Vacancies for Signais 
and Communications Engineers. Vacancies exist 
on the Permanent Staff for Signals & Communi- 
cations Engineers for service in the Chief Engineer’s 
Department of the Rhodesia Railways. Preference 
will be given to applicants who have had previous 
experience in the design, installation and maintenance 
of modern colour light signalling and/or telecom- 
munication systems with a Railway Administration 
or with a firm of equipment manufacturers Appli- 
cants should hold a degree in Electrical Engineering 
at a recognised University or be Corporate Members 
of the Institution of Electrical Engineers. Applicants 
who have passed Parts I and II of the Institution 
examinations will be considered for appointment to 
the grade of Technical Assistant until such time as 
they become Corporate Members and are, therefore, 
eligible for transfer to the Professional Grade 
Successful candidates will be expected to become 
Corporate Members of the Institution of Railway 
Signal Engineers in due course. The salary scale for 
Assistant Engineers is £1,000 to £1,800 per annum, 
plus a Cost of Living Allowance at present calculated 
on 12% of the basic salary, subject to a maximum of 
£13 15 0 per month. The commencing salary will 
depend upon previous experience of applicants. 
The annual increments in the above scale are as 
follows: £1,000 x £100 to £1,200—£1,200 « £50 to 
£1,500—£1,500 x £100 to £1,800. Further advance- 
ment to the grade of District Signals and Communica- 
tions Engineer on the salary scale £1,800 £100 to 
£2,100 is possible as and when vacancies occur 
Promotion to these posts is by selection. Member- 
ship of the Contributory Pension Fund and Medical 
Fund is obligatory and the usual Railway privileges 
in respect of travelling concessions, leave, etc. 
will apply. Income Tax in the Federation is not 
unreasonable and at the present time, a married 
man with one child, earning £1,100 per annum 
would not be liable. Housing is provided at a 
moderate rental for married Engineers; the rental 
payable is £7 10 0 per month for Officers in receipt of 
a salary under £1,700 per annum, and £10 per month 
for Officers in receipt of higher salaries. Full 
particulars with regard to age, training, qualifications 
and experience should be submitted together with 
—_ of recent testimonials to: The London Agent, 

Rhodesia Railways, 241, Salisbury House, London 
Wall, London, E , from whom full details 
regarding conditions of service may be oe 
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electrical components 


Our long experience in the design and 
manufacture of electrical components enables 
us to offer a wide range of products 

designed to meet with the many requirements 
of the electronic industry today. 





This fixed frequency oscillator is constructed on a standard 
octal base and encapsulated in epoxy resin. Slight tuning 
either side of the fundamental frequency is provided by 
means of an adjustable core. Output: 10 mw into a 600 ohm. 
load. Frequency: As required within the range 700-2,000 
c.p.s. sinusoidal. 


On the left is an astatic wound A.F. screened line transformer 
with the windings encapsulated in epoxy resin. The 
insulation of the ‘line’ winding provides isolation against 
voltages of 30 KV RMS. 





WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts. Telephone: Mansfield 1762/5 











An ideal Electronic Component 
and having a wide range of 
applications in Industry. 


Beryllium Copper ““Wavey”’ Washers, for Electronic Com- 
ponents, Range 10 BA to }?” B.S.F. Corrosion-resisting, 


-d j ts, hi is f * 7 
higher sasowery of load, pocmanant spelad ‘Sellen. ‘Yaa LEAVE IT TO | 


are fabricated from Beryllium Copper, heat-treated to 

VPN.350 minimum, Electro Plated to DTD.924, Cadmium 

Plated to DTD.904 and Passivated to DTD.923 (A.LD.). 

Also supplied Clear Passivated (commercial quality) Silver 0, T3 FED, 2 JTCH 


Plated, Self Colour or to customers’ specification. Samples 
and price lists on request. SPRINGS, PRESSWORK. 
AND WIRE FORMS TO 


Send 2/6 P.O. for our 40 page booklet on spring design with full technical date. It ts an FINE LIMITS 
invaluable reference for your design department 


THE LEWIS SPRING CO. LTD., REDDITCH. London Office: 122 High Holborn, W.C.1. 
EE 22 266 for further details 
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OFFICIAL APPOINTMENTS (Cont’'d.) 





THE UNIVERSITY OF LIVERPOOL. Appli- 
cations -* invited for the post of Lecturer in 
Acoustics Department of Physics. 
initial oaeuy will be within the ee - 
per annum according to age, q 


ee Applicants must be honours anise 
either physics or electrical autmneiee, and 
preferably have an interest in audio es a en 


associated with human communica’ 
Extensive research facilities are available. Appl. 
cations, stating age, academic qualifications and 
experience, together with the names of, three referees, 
should be received not later 7 ha. June, 1960, 
the Registrar Quoting Ref. CV/E.E. The 
niversity, Liverpool, 3, from Pan! further particu- 
lars of the conditions of appointment may be bag 
W 385 


UNITED NATIONS The International Atomic 
Energy Agency seeks highly qualified experts for the 
followin Technical Assistance appointment:— 
Electronics (radiation detectors): Argentine, 10 
months, Other posts may be notified later. Salary 
scale between £260 and £298 (approx.) per month, 
lus generous allowances. All emoluments tax-free. 

ior job description and application form write 
urgently to Ministry of Labour, 26-28 King St., 
London, S.W.1, quoting E9/AEA/8. W 3876 


UNIVERSITY COLLEGE OF NORTH 
STAFFORDSHIRE Electronic Project Engineer 
Wanted in Research Department of Communication 
to undertake development of new devices for analysis 
of electrical brain activity. Experience of pulse 
techniques and magnetic recording, and ability and 
initiative to draw on a wide range of current practice, 
are essential. Salary in range £1,000—£1,200 p.a. 
for the right man. Applications, with details of 
career and qualifications, to the Registrar, University 
College of North Staffordshire, Keele, Staffs. w ses? 





UNIVERSITY OF BRISTOL Applications are 
invited for a post as Lecturer in Electrical Engineering. 
Candidates should have high qualifications in 
electronics and communications. Salary on the 
scale £1,050 to £1,850, with initial placing according 
to age and experience, together with Family Allow- 
ance and Superannuation under F.S.S.U. Applica- 
tions, giving full details of age and record to date, 
and the names of two or three referees, should be 
sent to the Registrar as soon as possible. W 3878 








SITUATIONS VACANT 





ALBRIGHT & WILSON LTD., invite applica- 
tions for an appointment in their Treasurer's Depart- 
ment in Lon The successful candidate will, i 
addition to a ome duties, assist in the 
ation of the Accounts of the Parent Company 
of the ae oo in the compilation of reports 
oe the Boa: appointment is an interesting one 
which will give valuable experience in a large and 
expanding organisation and offers good opportunities 
for promotion within the Group. Candidates should 
be in the approximate age range 22—-28 and have 
= the final examination of a recognised account- 
body. A good salary will be paid and the 
Ca pany has an non-contributory Pension 
Scheme. Apply: Staff Officer, Albright & Wilson 
Ltd. Ref: 3, 1 Knightsbridge Green, S.W.1. W 3:81 





ALUMINIUM LABORATORIES LIMITED 

Research and Technical Organisation of the 

ternational ALCAN Group of Companies) require 

a Physicist ee | a good working knowledge of 
basic electronic niques, or an Electronics Engi 


ae ee ARE INVITED from suitably 
engineers for posts with estern 
Nigeria RadioVision Service, the headquarters of 
which are at Ibadan in Western Nigeria. The 
Service provides television and sound broadcasting 
in the Western Region of Nigeria with television and 
10 kW medium wave transmitters for Ibadan and 
Lagos respectively, and also a short wave sound 
broadcasting service. The following posts are now 
to be filled: Television Transmitter Engineers; 
Sound Broadcasting Studio Engineer; Film Equip- 
ment Engineer; Applicants should have some 
experience in the field for which they apply, but high 
technica! qualifications may be acc bi 
extensive experience. Duties will embrace all aspects 
of the above posts concerned with the running of the 
station and will include the training of ——— 
—_ Salaries will be in the range of £1,500—£2,000 
, according to qualifications and experience, tours 
Hy duty normally being eighteen months, followed by 
paid home leave at the rate of 8 weeks for each year 
of completed service. Transport and accommodation 
will be provided and a £50 kit allowance will be 
— on first appointment. Air passages to and from 
igeria for the —- and, in the case of a married 
man, for his wife and children, will be paid by the 
Company. Applications giving full details of age, 
qualifications and experience to be sent by 15th June, 
1960, to: Chief Engineer (Overseas), Engineering 
Division, Central Rediffusion Services, Carlton 
House, Lower Regent Street, London, S.W.1. or, 
in the case of applicants in Nigeria, to: The Station 
Manager, Western Nigeria RadioVision Service, 
P.O. Box 1460, Ibadan, W. Nigeria. Please quote 
Reference No. EE6. W 1337 





APPLICATIONS engineer well versed in elec- 
tronics, valves and transistors, required by electrical 
control and instrument manufacturers in Home 
Counties. State age and experience. Box W 1334. 


ASSISTANT for Electronics Laboratory, age 16— 
20, preferably O.N.C. or C. & G. level with good 
knowledge of electronic fundamentals, experience 
unnecessary. Apply D. Carter, Zonal Film_(Mag- 
netic Coatings) Ltd., Holmethorpe Avenue, Redhill, 
Surrey. Redhill 4707. W 1336 


ELECTRONICS DEMONSTRATOR/SALES- 
MAN, some knowledge nuclear physics, to travel 
all over U.K. Good commission, basic pay and 
expenses. Suit bachelor 25/45, possibly retiring 
Tech. Radar Officer. Full details to Box W 3853. 


ELECTRONIC ENGINEER, conversant with 
transistorised industrial circuits required by small 
but expanding Company situated in pleasant sur- 
roundings, to develope equipment to meet customers 
needs. This sition commanding a salary in the 
range of £ to £1,260. per annum offers good 
prospects for a young engineer possessing a sound 
theoretical knowledge, practical ability and initiative. 
Please reply, giving full details of education, quali- 
fications and experience to: The General Manager, 
B. & M. Electronics Ltd., 61, Gatwick Road, Crawley, 
Sussex. W 1338 


ELECTRONIC ENGINEER (Chief Technician) 
required for work in University laboratories on 
electronic equipment for servomechanisms and 
analogue computers. Experience required in the 
development of valve and transistor circuits. H.N.C. 
or equivalent an advantage. Salary in the range 
£825 x £25—-£925 plus £45 per annum London 
Weighting and superannuation. Apply to Head of 
Department of Electrical Engineering, Imperial 
College of Science and Technology, London, S.W.7, 
before 31 May 1960. W 3856 





ELECTRONIC ENGINEER REQUIRED with 
up-to-date knowledge of transistor circuits. Also 
knowledge of electric motor control gear desirable but 
not essential. Attractive salary, progressive position. 
Box W 3823. 





with a sound knowledge of physics, to. work on 
instrumentation problems associated with the 
production of aluminjum sheet, extrusions and 
castings. Every opportunity will be given to the 
successful candidate to exercise initiative in carrying 
= his work, which will include the development and 

ication of new measuring techniques. A 

niversity Degree or an equivalent qualification 
would —. an advantage, as would experience in 
work. For further details 
a apply ‘to the Personnel Officer, Southam do 

xon. 





ELECTRONIC ENGINEERING 





ELECTRONIC ENGINEER uired for head- 
quarters Oil Exploration Company, ayes/Orpington 
area. Qualifications should include H.N.C. in 
Electronic Engineering and experience in some or al! 
of audio amplifiers, oscillographs, servo-systems, 
transistors, radio —_——s V.H.F., electro- 


mechanical devices, recor Write, 
Stating experience, to Box Box W 382 2. —_ 
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ELECTRONICS IN SCOTLAND. Owing to 
further expansion Barr & Stroud, Ltd., have vacancies 
in their Electronics Laboratory for Electrical 
Engineers with good degrees and two or three years 
post-graduate experience. S ful candidat 

would join a research group working on a new 
project using transistor circuits with application to 
video amplifiers and pulse circuits. Housing accom- 
modation is available if required. Apply stating age, 
training and experience to: The Secretary, Barr & 
Stroud Ltd., Anniesland, Glasgow, W.3. quoting 
161/T-17 on the envelope. W 3838 





GLASSHOUSE CROPS RESEARCH INSTI- 
TUTE requires Instrument Technician for develop- 
ment, adaptation and maintenance of instruments 
used by research departments. Appointment in 
Experimental Officer grade (£954—£1,200), entry 
point depending on experience and ability; super- 
annuation. Qualifications: H.N.C. or equivalent 
Further particulars obtainable from Secretary to 
the Institute, Worthing Road, Littlehampton, Sussex, 
to whom applications, together with names of two 
referees, should be addressed before 24th _, enna 


LOUIS NEWMARK LTD. leading company in 
the design of auto pilots for helicopters are expanding 
their facilities at their Development Laboratories at 
New Addington, Croydon, and have the following 
vacancies to be filled immediately. Engineers and 
Assistant Engineers, with degree or H.N.C. and 
experience in the field of light electrical engineering, 
electronics, electro mechanical devices or semi 
conductors, to work on the development, installation 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. Pension Scheme. Apply 
in writing ee full particulars to Personnel Officer, 
Louis Newmark Ltd., Prefect Works, Purley Way, 
Croydon, Surrey, or phone Mr. Barkham Lodge 
Hill 1. W 351 





LION ELECTRONIC DEVELOPMENTS LTD. 
require Sales Engineer for Resin Encapsulation and 
Recording Head Section. Experience of sales with 
electronic background essentia!. Age limit :- 25—45 
years. Sales Office Manager to take charge of 
General Sales Office. Experience of Ministry and 
Commercial electronics contracts essential. Age 
limit :- 30—45 years. Applications to: The Manager 
Lion Electronic Developments Ltd., Hanworth 
Trading Estate, Feltham, Middx. W 3879 





NUCLEONIC SALES. Engineers for Sales and 
Progress work required for expanding Nuclear 
Engineering Division of progressive Company. 
Vacancies available for both senior and junior 
. Apply in confidence to Mr. S. A. cey, 
rector, General Radiological Ltd., 15/18, Clipstone 
Street, London, w.i. W 3860 
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Audio 


power 
output 
transistors 


TYPES XC141 and XC142 


These germanium p-n-p alloy junction transistors are designed for use in Class A and 
Class B power output stages of audio frequency amplifiers. Full particulars of 
these and other Ediswan Mazda semiconductor devices will be sent gladly on 
request. If you wish to be kept up to date with the latest developments in 
this field, please ask us to add your name to our semiconductor mailing list. 


MAXIMUM RATINGS (Absolute Values) 
Peak collector to base voltage (VOItS)...........sesse 


Peak collector to emitter voltage, emitter non-conducting (volts) 


Peak collector to emitter voltage, emitter conducting (volts) 
D.C. Emitter to base voltage (volts) snleiiilentionse 

Peak collector current (amps) 

DiS. COMGIRE CUSTOMS COTTE) socrccerictesecrerescsccctterrssssen 
Collector dissipation (mounting flange temperature 80°C) (watts) 


EDISW, SEMICONDUCTORS 


JUNE 


MAZDA Associated Electrical Industries Ltd 


Radio and Electronic Components Division 

PD 15, 155 Charing Cross Road, London, W.C.2 

Tei: GERrard 8660 Telegrams: Sieswan Westcent London 
crac 15/53 
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SITUATIONS VACANT (Cont'd.) 


MEDICAL RESEARCH COUNCIL have a 
vacancy for @ Technician at the Rheumatism Re- 
search Unit, Canadian Red Cross Memorial Hospital, 
Taplow, near Maidenhead, Berkshire, to assist in the 
development of electrical and mechanical recording 
a atus. A practical and theoretical knowledge of 
¢e ‘onic and mechanical engineering is essential. 
s in the range £595 to £720 per annum. National 
Health Service Superannuation Scheme. Applica- 
tions stating age, qualifications and experience, 
together with copies of three recent testimonials, to 
Mr. T. A. Pywell at the above address. W 3858 


NUCLEAR ELECTRONICS Opportunities exist 
for aspiring young Electronic Engineers, in the 
development of nuclear electronic equipment. A 
thorough basic training in electronic theory is 
required, but previous experience in this particular 
field is not essential. Please apply in confidence to: 
Regional Personnel Manager,  Plessey 
Nucleonics Limited, Weedon Road, Northampton 
W 3873 


OVERSEAS Oil Exploration Company with 
world-wide seismic parties, offers permanent career 
to Electronic Technicians. Work consists in main- 

and operating electronic recording equip- 
ment under field conditions. Live generally in camp. 
Qualifications: H.N.C. or equivalent essential, with 
practical experience in Electronics. Home leave 
every two years. Box W 347. 


PHILIPS ELECTRICAL LIMITED (Medical 
X-Ray Division) require an Engineer for the service 
and installation of X-Ray equipment. Experience 
in this field desirable but candidates with O.N.C. 
(Electrical) or Electronics experience would be 
considered. Applications with full details should be 
addressed to the Personnel Officer, (Medical X-Ray 
Division) 45, Nightingale Lane, Balham, S.W.12 

W 3852 


SENIOR ENGINEER required to work in Appii- 
cations section of Valve Development Laboratory. 
Minimum qualification H.N.C. Previous experience 
in testing and designing test gear for medium and 
high apg radio transmitting valves, and experience 
with R.F. heating. Apply to Personnel Department, 
Associated Electrical Industries Ltd., Cosmos Works, 
Brimsdown, Enfield, Middx. W 3863 


SERVICE ENGINEERS required to work on 
Secondary Radar and Communication Equipment 
Experience of this kind of work together with a 
reasonably good standard of technical knowledge is 
desirable, and applications are invited particularly 
from men with experience gained in the Services. 
Write with details of age and experience to the 
Personnel Manager (E.152) Murphy Radio Ltd., 
Welwyn Garden City W 3862 


TECHNICAL ASSISTANTS (at £861 p.a.) and 
Junior Trainees are invited for posts within a company 
specializing in Videotape recording and Telerecording 
facilities. High technical qualifications are not 
essential but a knowledge of electronics and a keen 
desire to learn will be considered an advantage 
Applications should be addressed to the Technical 
Manager, Alpha Television Services (London) 
Limited, 18 Ogle St., London, W.1 W 1333 


TECHNICAL AUTHOR, ELECTRONICS. 
Exceptional opportunity for fully experienced man 
with proved technical and writing background. 
Minimum salary £1,250 per annum. Applications 
in confidence to: The Drawing Office (Baldock) Ltd.. 
23a, High Street, Baldock, Herts. W 1326 


YOUNG TECHNICAL TRANSLATOR 
or Technical Writer with a working knowledge of 
German required for our Translation Office in 
Miinchen, Germany. Applicants should be experi- 
enced in electronic measuring instruments and 
communication equipment. Some specialized train- 
ing in German can be arranged. Please apply in 
writing, stating essential details and salary required, 
to the Personalabteilung Rohde & Schwarz, Miinchen 
9, Tassiloplatz 7. W 1331 


AGENCIES 


AMERICAN ELECTRONIC PUBLIC 
COMPANY interested in taking-up half 
interest or more in British Electronic Company with 
view to aera developments. Management wil! 
remain. Box 1325. 





ELECTRONIC ENGINEERING 





SITUATIONS WANTED 





ENGINEER/ ADMINISTRATOR/ WRITER, 
U.S. citizen, 34, wishes to relocate in U.K. Senior 
Member, I.R.E. A.B. (electronics), Harvard. 
Graduate study (electrical engineering), Harvard. 
Five years R. & D. in television, proximity fuzes 
Seven years engineering administration and writing 
in fuzes, doppler radar, c-w tracking. Currently 
chief of system proposals and technical communi- 
cations. Some French, German, Russian. Salary: 
present U.S., £5,000: required U.K., open. Avail- 
ability of nearby family housing essential. Box W1332, 





PATENTS 





PATENT No. 797,136 entitled “Filament Lead-in 
& Impedance Matching Structure for a Grounded 
Grid Amplifier” is for sale or licence. For details 
apply to Chatwin & Company, Chartered Patent 
Agents, 253, Gray’s Inn Road, London, W — 7 


CAPACITY AVAILABLE 





CABLEFORMS AND WIRING. | Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Allesley Old Road, Comey, 


CAPACITY AVAILABLE for amplifier assembly 
and quantities—East Grinstead Electronic Com- 
ponents Ltd., Imberhorne Industrial Estate, East 
Grinstead, Sussex. Tel. East Grinstead ai 


CAPACITY AVAILABLE for Prototype and 
Production runs of Electronic Equipment, Precision 
Machining, Design and Manufacture of Press Tools 
Fixtures and Moulds, Press Work. A.1.D. approved. 
High Precision Engineering Co. Ltd., 102a, Bancroft, 
Hitchin, Herts. Hitchin 4520. W 1335 


ELECTRONIC and Electro-mechanical Equipment 
designed and manufactured to your specifications. 
Capacity also available for light sheetmetal work— 
general machining—engraving—assembly and wiring 
—<¢cableforms etc. D.G.1. and A.R.B. approved. 
Cinetronics Limited, Allum Lane, Boreham Wood. 
Herts. Telephone: ELStree 3661. W 1327 


ELECTRONIC WIRING. Capacity available for 
wiring, sheet metalwork and engraving. A.I.D. and 


/ A.R.B. Approved. Grundy & Partners Ltd., 3 The 


Causeway, Teddington, Middx. Teddington Lock 
3402/3. W 1300 


ENGRAVING. Machine engraving capacity avail- 
able. 1 off and runs. 48 hours service. Grundy & 
Partners Ltd., 3 The C: y, Tedding Middx. 
Teddington Lock 3042/3. w 


NEWLY FORMED Electrical Electronic firm have 
capacity available for manufacture in Electro- 
mechanical and Electronic fields. Box W 3861. 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity production c ity availabl 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, uae. oes 


PROTOTYPE AND PRODUCTION. Capacity 
offered for all your requirements in the electronic 
and electro-mechanical fields. Highly competitive 
prices and assured deliveries. Newlyn Electronic, 
Fradgan, Newlyn, Penzance (Tel. Penzance —.. 

1 


SMALL LONDON MANUFACTURER has 
capacity available for Experimental or Production 
High Vacuum electronic devices. Box W 1304. 











EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook 
—FREE and post free. B.IE.T. (Dept. 337c). 
29 Wright's Lane, London, W.8. W 316 


LEARN RADIO and ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and me radio apparatus—‘as you 
learn’. Free Brochure from Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 3699 


TV. AND RADIO—A.M.Brit.LR.E., City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 cent successes. For 
details of Examination and Home Training Courses 
Sas —- apparatus) in all branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.1.E.T. (Dept. 337H), 29 Wright's 
Lane, London, W.8. W 187 


COUNTY BOROUGH OF BOLTON— 
Education Department, Bolton Technical College. 
Full-time Electronic Engineering Course. A three 
year course in Electronic Engineering 1s available. 
Candidates should be at least 16 years of age and 
have taken, or be taking, General Certificate of 
Education courses, which include Mathematics and 
Physics at the Ordinary and/or Advanced level, or 
equivalent courses in Technical Institutions. The 
Institution of Electrical Engineers accepts the College 
Diploma for exemption from Parts I and II of the 
Institution Examination. This rapidly developing 
industry offers new and attractive openings to 
qualified men, and students who have passed through 
the course are readily absorbed by industry. Further 
particulars may be obtained from the Principal me 


U.K.A.E.A. Harwell Reactor School. Control] and 
Instrumentation of Reactors Course. The fifth 
course on “The Control and Instrumentation of 
Reactors” will be held at Durley Hall, Bournemouth, 
Hampshire, from the 12th to 23rd September 1960, 
inclusive. The course is intended for those who have 
a direct interest in the contro! and instrumentation of 
nuclear reactors, and it is assumed that participants 
have some knowledge of the basic principles of these 
subjects. The fee for the course will be fifty guineas, 
exclusive of accommodation. Application forms and 
further details can be had from: The Principal, 
Reactor School, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berks 877 





EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision = extra 
production facilities for you. See page 214. W 3495 


FM TRANSDUCER SYSTEM Measures most 
physical quantities. Transducers in many con- 
figurations. High sensitivity; ¢.g. 0.003 atmosphere. 
Bel Sound Products Co., Marlborough Yard, 
London, N.19. ARC 5078. W 1330 


INDUSTRIAL CONSULTANTS with extensive 
experience and facilities for undertaking work in all 
branches of pure science, applied science and 
engineering, offer their services to organizations in 
need of technical assistance Enquiries to Box 
W 1329. 


LIGHT CONTROL assembly work, small old 
established firm invites enquiries for sim#ar electronic 
work, assembly, coil winding, glass-blowing, vacuum 
pumping, annealing capacities, Sordoviso Switchgear 
Ltd., Loughborough. W 1320 


METALWORK. All cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. = 


REMOTE CONTROL EQUIPMENT Mag- 
slips, Selsyns, Servo Systems etc. Consult Servo and 
Electronic Sales, Ltd. Now! See our display advert. 
on page 208 of this issue. W 3526 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions 
poy Fo upto 3 KVA. Prompt delivery. Suppliers 
to B ITA., Universities and leading Industrial 
Concerns. Est. 1922. Phone: SHI: 2483. Forrest 
Transformers Ltd., Shirley, Solihull, Warks. W 350 





BUSINESS OPPORTUNITIES 





A BARGAIN—4£25 complete. Brand New Ready- 
Made Co. Regns. Guaranteed no trading (England 
or Scotland)—All Trades available now, including 
Electronic Engineers; Radio TV., General Mer- 
chants; Import Export; Plant Hire; Furniture; 
Fancy Goods; Hire Purchase; Investment; Pro- 

rty, etc. Business Economy Co. Regns. Lid., 

= T/19, 156 Strand, London, W.C.2 (Tem. 
8377/2294) for a Cos. and to 19 Walker 
Street, Edinburgh 3, (Cal. 1167/8/9) for Scottish 
Cos. Read Ngee of Trading as a Limited 
Company”, 3/- post free; Limited Co. may save 
you tax. We have seven day Co. Regn. service with 
your own choice of name £21 complete plus stamp 
duties. W 352 


A PRIVATELY-OWNED medium-sized manu- 
facturing Company in the Electronic Industry 
(precision engineering, moulding, assembly, tool- 
making, design and development), recognizing the 
difficulties which will inevitably face small to medium 
size manufacturers in these industries due to amalga- 
mations and take overs in the larger groups, is 
anxious to contact small to medium sized companies 
in any of these fields whose principals would be 
willing to discuss either a complete or partial take 
over of corresponding interests or, alternatively, 
amalgamation on a partnership basis to reduce 
production, research, development and tooling costs 
Please reply under private and confidential cover to 
the Managing Director, Box W 3866. 
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LARIT RC 


OPELLS OPPORTUNITY 


Sales volume up 14 times in five years 
Personnel increase six-fold in the same period 
Another five year programme of expansion ahead 


Small high-calibre teams in dynamic atmosphere 
encourage maximum individual creative thought and initiative 


Wide range of interesting commercial projects 








We have vacancies in our Development Laboratories at Farnborough, Hampshire 


and Dorking, Surrey, for: 


SENIOR ELECTRONIC DEVELOPMENT 
ENGINEERS 


We have several senior positions for high calibre engineers. A degree or 
equivalent professional qualification and at least five years development 
experience in any of the following fields are required: Transistor /Circuitry, 
Pulse Circuitry, Digital Techniques or Logical Design, Servo Mechanisms, 
Video Amplifiers, Precision CRT Scanners. (Ref. 267). 


SYSTEMS ENGINEER 


For the design of Simulator systems and large D.C. amplifier installations 
A thorough knowledge of D.C. Amplifier systems, and servo mechanisms 
are required. An Honours Degree and familiarity with digital techniques 
would be an advantage. (Ref. 249). 


PHYSICIST 


A graduate physicist with experience of analytical work on optical or 
X-ray Spectrometers to supervise and control applications work on this 
equipment. Routine analytical experience preferably in the metallurgical 
industry would be an advantage. (Ref. 256) 


SENIOR DEVELOPMENT ENGINEERS 


A project leader and two senior engineers are to be appointed to invent, 
design and develop various forms of transducer devices. A degree or 
equivalent professional qualifications and at least five years experience in 
any one of the following fields: Precision electrical, mechanical or 
physical measurements, Transducers of advanced design, Instrument 
kinematical design. A general knowledge of the properties and uses of 
specialised engineering materials would be an advantage. (Ref. 286). 


SENIOR DESIGN ENGINEERS 


Senior design engineers (mechanical) are required to work on initial 
design studies of electro-mechanical projects. Sound workshop knowledge 
and at least five years experience of small mechanisms design are required. 
(Ref. 265) 


SENIOR ELECTRONIC ENGINEERS (DORKING) 


A team leader to lead a small team in the design of transistor logic 
elements, etc., for use in special purpose digital computers. He should 
be an experienced general circuit designer, with several years in the 
Digital Computer field Knowledge of transistor switching circuits is 
essential. Project Engineers with similar background, but slightly less 
experienced, are also invited to apply. (Ref. 400). 


DESIGNERS & DESIGN DRAUGHTSMEN 


Attractive posts within small development teams working on strictly 
commercial projects in the development laboratories Experience of 
small mechanisms, castings, gearboxes and general electronic construction 
techniques is required. (Ref. 259). 


SPECIALIST SALES ENGINEERS 


(Analogue Computers or Transducers) 


Two appointments are to be made in our Analogue Computer and 
Transducer Divisions to provide special technical assistance to our field 
selling Force. Previous Applications Engineering experience in either 
of these fields is desirable since the situations require the ability to look 
at a wide range of basic problems and to advise customers on their 
solution. Applicants must be prepared to travel and be able to establish 
good customer relationships. (Reg. 235) 


TECHNICAL WRITERS 


Candidates, preferably with experience, must have sound engineering 
background and be able to write clear concise descriptions of intricate 
electronic/mechanical prototype equipment covering function, operation 
and maintenance. (Ref. 197) 


Please apply quoting reference numbers to: Eric Bull, Personnel Officer 
THE SOLARTRON ELECTRONIC GROUP LTD., FARNBOROUGH, HAMPSHIRE 
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CAREERS FOR 


YOUNG ENGINEERS 
SCIENTISTS AND MATHEMATICIANS 


Increasing commitments have once again provided us 
with the opportunity to offer a number of qualified 
young men and women a career in a Company utilising 
and breaking new ground in advanced engineering 
techniques. 

We have vacancies for graduates in departments 
responsible for the assessment of missile equipment and 


performance, and for the extensive mathematical and 
computing services necessary to carry this out. 


WE REQUIRE : 
1. ENGINEERS AND PHYSICISTS with the ability 


to study and improve missile performance with the 
aid of electronic computers. 


2. ELECTRONIC ENGINEERS to design and further 
develop additional computing and _ simulating 
equipment. 


3. MATHEMATICIANS to programme and operate a 
D.E.U.C.E. computor installation or apply mathe- 
matical analysis to the solution of engineering 
problems. 

These positions command progressive salaries as well 
as the amenities provided by a large organisation. 


Assistance with housing and removal expenses may be given. 


If you are interested in any of the posts described, o1 
in other aspects of design, development and manufacture 
of Guided Weapons, please write in confidence to 
Dr. D. A. Layne, c/o Dept., C.P.S., Marconi House, 
Strand, W.C.2., quoting reference EE/1396F. 


ENGLISH ELECTRIC AVIATION LTD. 


GUIDED WEAPONS DIVISION - STEVENAGE, Herts. - LUTON, Beds. 

















AULLARD EQUIPMENT LIMITED 


51-55 Garratt Lane - London -: S.W.1I8 


offer opportunities for interesting and stimulating work in 
their Engineering Development Laboratories to: 


ELECTRONIC DEVELOPMENT 
ENGINEERS 


and 


MECHANICAL DESIGN 
ENGINEERS 


in the following fields :— 


|. Microwave Equipment and Components, includ- 
ing development of linear accelerators. 


2. Electronic Industrial Control Systems, including 
machine and process control. 


3. Nuclear Reactor Instrumentation. 
4. Transistorised Equipment. 


. Radio Communication Equipment, exploiting 
advanced techniques. 


Applications are invited from those with substantial experi- 
ence in one or more of these fields and with a degree or 
equivalent qualification for these attractive and responsible 
positions. 

Successful applicants could expect to be located at Wands- 
worth until 1961 and thereafter at Crawley, Sussex. 


Please write with brief details of experience and 
qualifications to the Personnel Officer, quoting 
reference LM 15. 











UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:— 


Works Labour Manager, 
Windscale and Calder 
Works, 


Sellafield, 
Seascale, Cumberland. 
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CALIFORNIA, u.s.A. 
CALLING ! 


* * =i 


LENKURT 


ELECTRIC COMPANY INC. 


. a leading manufacturer of telephone carrier and micro- 
wave radio equipment is pleased to announce several 
outstanding positions available now ! 


British citizens are invited to send resumes in the following 
fields :— 


@ MICROWAVE RADIO DESIGN 
@ CRYSTAL FILTER DESIGN 
@ TELEPHONE CARRIER DESIGN 


Inquiries for these and other Communications Engineering 
positions will be given immediate attention (and processed 
in strictest confidence). 


Direct inquiries to: 
E. Jack Shannahan, Employment Mgr. 
LENKURT ELECTRIC COMPANY, Inc. 
1105 County Road, 
San Carlos, California 











GRANADA TV have a vacancy for a 


KEY POSITION 


in the 


ENGINEERING DIVISION 


at their Manchester 


TV CENTRE 





Applicants must have had wide operational 
experience in all aspects of television engineering 
in both the technical and administrative fields. 


Applicants should write, giving full details of age, 
qualifications, experience, in confidence, to:- 


Norman Price, Personnel Manager, 
Granada TV Network Limited, Manchester 3. 








COMMONWEALTH OF AUSTRALIA 


DEPARTMENT OF SUPPLY 
Weapons Research Establishment 
WOOMERA, SOUTH AUSTRALIA 


STAFF FOR 
Space Research Station 


The instrumentation facilities at Woomera for investigations into 
outer space are being extended by the addition of an 85 feet radio 
telescope. With this powerful equipment, and the existing radio inter- 
ferometers and satellite tracking cameras, it will be possible to track 
space probes to the limits of the solar system. The Woomera programme 
of scientific investigations into the physics of the upper atmosphere and 
outer space is expanding rapidly. 

If you are interested in working in this field and possess the necessary 
qualifications, you are invited to apply for the undermentioned positions 
Conditions of employment are listed below 


SENIOR SCIENTIFIC OFFICER 
(2 positions) 


(Position 248) (Position 248A) 


In charge of a Section respons- In charge of a Section respons- 
ible for the operation of a large ible for a programme of satellite 
radio telescope and associated tracking and related research 
telemetry and data conversion investigations, particularly into 
equipment, and the development the properties of the ionosphere, 
of new equipment and techniques using Minitrack radio tracking 

systems, telemetry recorders and 
associated geophysical instruments. 


SALARY £2,460/£2,655 (Australian Currency). QUALIFI- 
CATIONS: Honours Degree in Physics or Electronic Engineering. 
Extensive experience in radio physics or in the development of microwave 
radio techniques, telemetry or pulse communications systems 


SCIENTIFIC OFFICER—GRADE 3 
(Position 250) 


Responsible for the operation and maintenance of the receiver 
section of a radio telescope and for the future development of related 
new equipment. 

SALARY: £2,005/£2,265 (Australian Currency), QUALIFI- 
CATIONS: Honours Degree in Physics or Electronic Engineering. 
Considerable experience in the development of radio receivers or in 
microwave, VHF or pulse techniques desirable. 


SCIENTIFIC OFFICER—-GRADE |! 


(2 positions) 
(Position 134) (Position 144) 


Research and investigation into Research and investigation into 
the characteristics of the ionos- the optical characteristics of the 
phere using radio tracking and upper atmosphere using optical 
telemetry systems for satellites and tracking and recording systems for 
rockets. satellites and rockets 


SALARY £1,510/£1,895 (Australian Currency) QUALIFI- 
CATIONS: Honours Graduate in Physics or Electronic Engineering. 
Some experience in the relevant field desirable 


EXPERIMENTAL OFFICER—GRADE 3 
(3 positions) 
(Position 249) (Position 252) 


Responsible for operation, main- Responsible for the operation 
tenance and testing of telemetry of the data read-out and com- 
recording equipment, the analysis puting system of a large radio 
of telemetry data and the design telescope. Design and develop 
and development of telemetry computing equipment and cir- 
techniques cuitry to meet individual operating 

requirements 


(Position 253) 


Responsible for the operation, maintenance and testing of a hydraulic 
servo system as part of a large radio telescope. Modify and develop the 
servo system to meet operating requirements. 


SALARY £1,730/£1,950 (Australian Currency) QUALIFI- 
CATIONS: Graduate in Electrical, Electronic or Mechanical Engineering, 
or other equivalent qualifications. Several years experience in the relevant 
field desirable. 


EXPERIMENTAL OFFICER-GRADE |! 
(Position 251) 


Responsible for the detailed design of modifications and additions 
to VHF and microwave radio receiver equipment. Supervise the installa- 
tion, operation and maintenance of receiver equipment. 

SALARY £1,235/£1,620 (Australian Currency) QUALIFI- 
CATIONS: Graduate in Electrical Engineering or equivalent relevant 
qualifications. Experience in the field of radio receivers, microwave, 
or pulse techniques. 


CONDITIONS 


ALLOWANCES: An allowance of £120 per annum is payable to a 
married man maintaining a family; £70 per annum to single persons. 

HOUSING: Housing accommodation will be made available. 

TRAVEL: Under specified conditions, first class air/sea transport 
(if first class berths available) for the appointees and dependants 
(wife and dependent children) will be provided by the Commonwealth. 

CONTRACTS: For certain positions contract employment may be 
considered. Full details on application. 

APPLICATIONS: Forms are available from the Senior Representative, 
(AV.59/7), Department of Supply, Australia House, Strand, London, 
W.C.2, with whom applications should be lodged by 20th June, 1960. 
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NEW ELECTRONICS DIVISION LABORATORIES 
AT HAMMERSMITH 


Continued expansion hos led to the creation of further responsible posts 
which offer a progressive future and work of absorbing interest and wide 
variety. Projects will include the design of both military and civil equipment 
involving applications of new circuit techniques 


SENIOR ENGINEERS 


are required immediately to direct development 
teams engaged on work in the following fields: 


INDUSTRIAL ELECTRONICS AND AUTO- 
MATIC CONTROL. HIGH POWER MICRO- 
WAVE TRANSMITTERS AND THEIR 
ASSOCIATED RECEIVERS. 


SPECIAL COMPLEX TRANSISTORISED 
EQUIPMENT. 


Applicants for these posts should normally hold a degree or be corporate 
members of a professional institution although those of exceptional ability 
and lesser qualifications will be given equal consideration. Considerable 
experience of designing equipment for quantity production is essential. 


CIRCUIT DEVELOPMENT ENGINEERS 


are also required to join expanding teams working 
in widely varied fields including those specified 
above, which frequently involve applications of new 
semiconductor devices. 
Vacancies exist which are suitable for both the younger graduate and 
the experienced engineer who is either studying for or who has already 
gained H.N.C., C. i G., or equivalent qualifications. A knowledge of 
production techniques would be an added advantage. 


Applications should be addressed to: 


THE CHIEF ENGINEER, 


THE GENERAL ELECTRIC COMPANY LIMITED, 
ELECTRONICS DIVISION LABORATORIES, 
BROOK GREEN, HAMMERSMITH, LONDON, W.6. 





BELL PUNCH COMPANY LTD. 


have vacancies for keen young 
ELECTRONIC CIRCUIT ENGINEERS 


to assist in the design and proving of equipment using 
low-power pulse techniques. 

Applicants should preferably be educated to degree or 
H.N.C. standard and have worked on the design of C.R.T. 
oscilloscopes or digital computing equipment. 

Please write giving details of education, experience and 
salary required to:- 

Mrs. K. V. Gordon, 
Bell Punch Co. Ltd., 
Uxbridge, Middlesex, 
or telephone Uxbridge 8211. 
Extension Ii! to arrange an interview. 








= 





TECHNICAL ASSISTANT 


required for Patent Department in London offices 
of international company. Knowledge of elec- 
tronics and experience of British patent practice 
essential and some knowledge of French and/or 
German an advantage. Salary commensurate 
with knowledge and experience. Also Pension 
and other benefits. Please write giving full 
particulars of knowledge and experience to: 


Personnel Manager, 
Box No. W 3870 











COLLEGE OF ADVANCED TECHNOLOGY 
BIRMINGHAM 


DEPARTMENT OF ELECTRICAL ENGINEERING 


Applications are invited for the following posts 


PRINCIPAL LECTURER in TELECOMMUNICATIONS 


—responsible for organising departmental laboratories, lectures and 
project work in the subject of Telecommunications, with special emphasis 
on centimetre wave lengths, electro acoustics and development « long 
term projects on aerial systems and radio astronomy. 


PRINCIPAL LECTURER in ELECTRONICS AND CONTROL 
ENGINEERING —ressonsibie tor organising work in the Departmen 


in electronics and developing new laboratories and courses in control 
engineering, and undertaking a programme of projects in these subjects 
The Principal Lecturer will also be expected to organise and supervise 
the work of visiting teachers to the department other than for post- 
graduate work 


Salary Scale: (Men) £1,750—£1! ,900. 


Further particulars and forms of application from the 
BURSAR, 
COLLEGE OF ADVANCED TECHNOLOGY, 
GOSTA GREEN, BIRMINGHAM, 4. 


Applications to be received within 14 days of this advertisement 
Please quote ref. ‘T’. 


K. R. PILLING, Clerk to the Governors. 





RANK CINTEL LIMITED 
Lower Sydenham London SE26 


invite applications from 


SENIOR & INTERMEDIATE 
ELECTRONIC ENGINEERS 


Suitably qualified Engineers are required to carry out Development, 
Experimental and Engineering work on a wide variety of high-grade 
equipment, and where the most modern techniques are employed 


The field of work includes :— 

@ AIRCRAFT NAVIGATIONAL SYSTEMS 

@ COLOUR TELEVISION & STUDIO EQUIPMENT 
@ TRANSISTOR CIRCUITRY 

@ ELECTRONIC INSTRUMENTS 

@ INDUSTRIAL ELECTRONIC CONTROL SYSTEMS 


RANK CINTEL LIMITED is a Company within the Rank 
Organisation Ltd. and Staff amenities include an attractive Pension 
Scheme, Sports and Social activities and Canteen Services. Applications 
which will be treated in confidence, should give full particulars of 
Education, Qualifications and Experience, and be addressed to the 
Personnel Manager. 
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SEMI CONDUCTOR 
RESEARCH 


A senior position exists within an expanding Company 
concerned with thermionic devices, for a suitably qualified 
man to Carry out research on semi-conductors. 


The man appointed to this post will be required to lead a 
small team in this work, and be responsible for some 
administration. 


Salary dependent on qualifications and experience will be 
assessed after interview, but will be in the range £1,700- 
£2,200 per annum. 


Qualifications required are a good Honours Degree with 
preferably post-graduate research experience at University 
or in industry and a minimum of five years’ industrial 
experience on research or development in semi-conductors. 


Applications should be detailed on education, qualifications 
and experience, and be submitted to the address below. 


It is probable that some positions will occur in the above 
group and in other semi-conductor activities of this Company 
and applications for such positions are invited from men 
possessing an Honours Degree in Physics or Electrical 
Engineering and some experience in industry on semi- 
conductors. 


Applications should be made to Box No. EE 1028 LPE 
Romano House, 399/401, Strand, 
London, W.C.2. 
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ROLLS-ROYCE 


SCOTTISH FACTORIES 
Senior Electronics Engineer 


A SENIOR ELECTRONICS ENGINEER is 
wanted in the Electronics and Instrument Develop- 
ment Department at Hillington, Glasgow. 
This is a challenging position in an expanding 
department. 
The right person will be free to apply his creative 
abilities in the fields of 
1. Electrical methods of machining metals. 
2. Non-destructive testing. 
3. Machine tool control. 
Applicants should be of degree standard in either 
Applied Physics of Electrical Engineering and 
have a minimum of two years’ experience in circuit 
design and pulse techniques. 
Help will be given with housing. 


Applications should be made, giving brief details of qualifi- 
cations, experience and salary required, to the :— 


STAFF PERSONNEL MANAGER 
ROLLS-ROYCE LIMITED . HILLINGTON . GLASGOW S.W.2 











There are vacancies at the Feltham 
laboratories of E.M.1. Electronics 
Ltd., for the following 


INTERMEDIATE VALVE LIAISON ENGINEER 


An Intermediate Engineer is required in a Group advising 
on the availability and use of valves and semi-conductors for 
missile borne ‘‘Radar’’ applications. The Engineer appointed 
will be deputy to the head of section and will be required to 
organise trials on valves and semi-conductors and to give 
technical advice. A degree or H.N.C. with relevant experi- 
ence is essential. Ref. S$ 126 


FIELD ENGINEERS 


Engineers are required by the Field Services Division of the 
Company to engage in trials in the field of complex prototype 
electronic equipment developed by E.M.I. Electronics Ltd. 
Sound practical knowledge of the operations and maintenance 
of radar or communication equipment is necessary. The 
posts may involve periods away from base and a willingness to 
live away from home is essential. Starting salaries are based 
on qualifications and experience, and it is Company practice 
to review salaries annually on the basis of ability and potential. 

Ref. P 8 22 


INTERMEDIATE ENGINEER—PROJECT 


An Engineer is required to take part in all aspects of the 
design of telemetry senders. The work includes initial 
circuit design from performance specifications, mechanical 
design to extreme environmental conditions, and technical 
liaison with customers. Wide electronic engineering 
experience built on sound theoretical knowledge is essential 
for this post which holds promise of excellent prospects. 
Ref. P/6 19. 


THEORETICAL INVESTIGATION 
(ELECTRONIC SYSTEMS) 


An Engineer is required to join a team vin on the 
critical assessment of existing and proposed G.W. systems. 
Candidates should have a definite bias to theoretical work 
and must have had good basic research experience in elec- 
tronic circuitry or systems. Preferred qualifications would 
be a degree in Physics or Mathematics. Starting salary will 
be determined by qualifications and experience, and it is 
Company practice to review salaries annually on the basis of 
ability and potential. Ref. P/4/205. 


INTERMEDIATE ENGINEER 


An Intermediate Engineer is required to take engineering 
responsibility for the development programme of a telemetry 
sender. The post involves circuit design, engineering to 
extreme environmental conditions and technical liaison with 
customers. A degree with considerable experience is 
essential. Preferred age 26-31. Ref. P'6/15. 


Please write, giving full details and quoting the appropriate 
reference numbers, to: 


Personnel Manager, 


E.M.I. ELECTRONICS LTD., 
Hayes, Middlesex 
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EDWARDS HIGH VACUUM LTD. 


MANOR ROYAL, CRAWLEY, SUSSEX 


A molecule has great freedom 
of movement when in vacuum... 


WE OFFER SCIENTISTS 
AND ENGINEERS GREATER 
FREEDOM OF ACTIVITY 
IN VACUUM 


The increased demand for our wide variety of products 
means that we have had again to increase our production and 
research activities. 


We would be interested to hear from suitable qualified 
personnel to fill the following posts: 


SENIOR PRODUCTION METHODS STUDY 
ENGINEERS ENGINEERS 


ELECTRICAL ENGINEERS MECHANICAL ENGINEERS 


CHEMICAL ENGINEERS PHYSICISTS 
SENIOR & JUNIOR 


BUYERS DRAUGHTSMEN 
INSPECTORS PLANNING ENGINEERS 


Commencing salaries will be in accordance with age and 
experience. Pensions and Bonus Schemes are operated. 
Housing may be available. Please write giving full details of 
experience and qualifications to the Personnel Manager. 





TRANSISTOR CIRCUITS 
and 
COMPUTERS 


There are vacancies in our Electronics Laboratory for 
Electrical Engineers or Physicists with good degrees and 
two or three years of post graduate experience. 
Successful applicants will join a Research Group working 
on Transistor Circuit Engineering and Computer design. 
These vacancies occur due to further expansion of our 
activities. Housing accommodation is available if required. 
Apply stating age, training and experience to: 
The Secretary, 
BARR & STROUD LIMITED 
Anniesland, Glasgow, W.3. 
quoting 188/T-17 on the envelope 














RADIO AND TELEVISION 
DEVELOPMENT ENGINEERS 


Excellent opportunities exist for young men who have sound 
experience in design and development of either transistor radios 
or television receivers. ‘Supersonic’ is the trade name of Chassay 
Bros. (Pvt.) Ltd. of Bulawayo, Southern Rhodesia, who are the 
largest radio manufacturers in Africa with an up-to-date plant, 
expanding markets and well-equipped Laboratory 


Bulawayo, with a European population of 50,000 is a most modern 
and healthy city with good schools, entertainment and sporting 
facilities. Ample accommodation is available with domestic servants 
The Victoria Falls, Wankie Game Reserve and many other attractions 
are within a few hours motoring distance of the city 


Applications are invited for both junior and senior posts in the 
above categories. Junior salaries from £1,200 to £1,600 per annum 
and senior salaries from £1,650 to £2,000 per annum, plus an annual 
bonus and thirty days annual leave Paid passages for successful 
applicants and family All applications must state nationality, 
age, marital status and number of children and include the fullest 
details of experience and qualifications, with names of referees 
Post by air mail and address to:- 


THE CHIEF ENGINEER 


CHASSAY BROS. (Pvt.) LTD. 
P.O. BOX 8096, BELMONT, BULAWAYO, S. RHODESIA. 


Brochure giving details of Chassay Bros. and the City of Bulawayo, 
will be sent to applicants. 





ELECTRONIC ENGINEERING 


SENIOR ENGINEER 


required to work in Applications section of Valve Development 
Laboratory 


Minimum qualification H.N.C Previous experience in testing and 
designing test gear for medium and high power radio transmitting 
valves, and experience with R.F. heating. 


Apply to Personnel Department, 
Associated Electrical Industries Ltd., 
Cosmos Works, Brimsdown, Enfield, Middlesex 








ELECTRONICS SALES ENGINEERS 


Two first class opportunities exist in Ekco Electronics for 
Sales Engineers for (a) Medical and Research applications 
(b) Industrial application. Applicants should preferably be 
experienced in electronic or nucleonic equipment. These 
are permanent progressive posts commanding good salaries 
and offering ample opportunity for advancement in a pro- 
gressive world-wide organisation. Reply to the Personnel 
Manager, giving details of training, sales experience, age 
and salary required. 


EKCO ELECTRONICS LTD. 
SOUTHEND-ON-SEA, ESSEX 














ILFORD LIMITED 


ELECTRICAL ENGINEERS 


liford Limited require graduate electrical engineers to work 
on a variety of interesting research and development projects 
in small-scale process control and automation. They will 
work with other graduates and assistants in the Electronics 
Section of the Company's new Physics Research Laboratory 
at Brentwood. Candidates should have had several years 
industrial experience in similar work. 


Apply in writing to Research Director, 
ILFORD LIMITED, ILFORD, ESSEX 
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REGENTONE 


TELEVISION RADIO 


TAPE RECORDING 


ELECTRONIC EQUIPMENT 


The Regentone Group of Companies offer opportunities to engineers and Technical staff in the 

laboratories of their manufacturing division. There are vacancies at all levels of seniority—all of them 

provide interesting work and wide scope to men with enthusiasm and who primarily desire to engage 

in development. Salary scales are imaginative and the organisation is young with a record of rapid 
expansion. 


SENIOR TELEVISION ENGINEER 

This post involves the co-ordination of a team of engineers, 
and a candidate of sufficient merit will enjoy excellent 
prospects. Experience of leading a small section would be 
preferable and applicants should hold at least H.N.C. The 
salary will be commensurate with the candidates experience 
and status. 


TELEVISION ENGINEERS 

Engineers with three to four years design experience in some 
aspect of TV receivers or similar field of circuitry will be 
needed to fill several posts. 


ASSISTANT ENGINEERS 

A number of opportunities exist for young engineers with a 
good basic engineering training, some industrial experience 
and having a strong inclination to radio and television work. 


TECHNICAL ASSISTANTS 

Men with a variety of experience are needed. A particular 
vacancy occurs for a technical clerk/writer to assist with 
administrative work and laboratory records. 


COMPONENT TEST ENGINEER 

A man with experience of component life testing and approval 
procedure covering both the Mechanical and Electronic field 
is needed for this aspect of the Engineering Department's 
work, 


SENIOR TEST EQUIPMENT ENGINEERS 

Test equipment engineers are required with some years of 
experience in designing all forms of electronic test equipment 
for mass production of radio and television. Specialist 
experience of sweep generators of TV signal systems would 
be an advantage. 


MECHANICAL DESIGNERS 

These vacancies occur in the television section of the drawing 
office and call for experience of consumer product engineer- 
ing. It is not entirely necessary to have worked in the radio 
industry. The work involves dealing with sheet metal parts, 
plastic mouldings, small mechanisms, etc. 


The company offers good working conditions with up-to-date 
facilities; superannuation scheme; canteen facilities; and 
many social activities. Applications should be in writing 
but further information will be given by telephone. 


Write to: TECHNICAL DIRECTOR, 


REGENTONE PRODUCTS LTD., EASTERN AVENUE WEST, 
ROMFORD, ESSEX. TEL.: ROMFORD 4599! 
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<u) NEW COMPUTER 
TECHNIQUES 





ASSOCIATED ELECTRICAL 


INDUSTRIES LIMITED 
GRADUATES IN ELECTRICAL ENGINEER- 
ING or PHYSICS or holders of the H.N.C. in 
Electrical Engineering, are required in a HIGH 
VOLTAGE RESEARCH LABORATORY for 
experimental research on HIGH VOLTAGE 
PROBLEMS. The work covers a wide range and 
includes the construction and use of impulse 
voltage and impulse current generators, high 
direct voltage generators, and electronic equipment. 
Applicants should be able to carry out investiga- 
tions without close supervision. 

Previous works’ training and laboratory experience 
are desirable but not essential. 

The appointments are permanent and pensionable; 
the starting salary will be in accordance with 
qualifications and experience. 


Please write quoting reference L.15 for application 
form to: 


Personnel Manager, 
Associated Electrical Industries (Manchester) Ltd., 
Trafford Park, 
Manchester, 17 








A new division has recently been formed to promote the further 
development of Advanced C put Techniq including High 
Speed Storage and Logic. A number of vacancies remain to be filled. 
This is a unique opportunity for top class Engineers and Physicists to 
join and share in the growth of an expanding new division. 





The positions yet to be filled are :- 
1. TEAM LEADERS: Two Graduate Engineers with considerable 
experience of Ferrite Core Storage and Transistor Pulse Circuits. 


2. SENIOR ENGINEERS: Five Graduate Engineers with experience of 


Ferrite Core Storage or Transistor Puise Circuits. 


3. POWER SUPPLY ENGINEER: To specialise in the design and 
construction of power supplies for Transistor Digital Computers. 
Previous experience of power supply design is essential. 


4. TEST EQUIPMENT ENGINEER: To specialise in the design, 
construction and maintenance of special test equipment for Computers. 
Knowledge of Transistor Pulse Circuits and considerable practical 
experience is required. 


A JUNIOR ENGINEERS: A number of Engineers (Graduates or 
H.N.C.) preferably with some experience of Transistor Pulse Circuits 
and an interest in Computers. 

The posts are located within easy travelling distance of Central London 
and carry attractive, progressive salaries combined with excellent 
conditions of employment, with good prospects of advancement. 
Applicants are invited to write in confidence, to the 


PERSONNEL OFFICER 


MULLARD RADIOVALVE Co. Ltd. 


NEW ROAD, MITCHAM JUNCTION, SURREY 


quoting reference JFG/EE 
‘* Mullard” is the trade mark of Mullard Limited 
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TEXAS INSTRUMENTS 


SEMICONDUCTOR CIRCUIT ENGINEERS 


Continued expansion is creating senior vacancies in the 
company’s Applications Laboratories covering all fields of 


circuit de» sopment and device characterisation. 


Excellent positions are available for professional qualified 
Electrical Engineers who, by their experience and knowledge 
of the industry, are capable of giving expert guidance to 
customers, and also have the ability to develop and direct 


original lines of approach. 
Please apply in writing giving details of qualifications and 


experience quoting Ref. No. 63/C35 to: 


The Personnel Manager 
TEXAS INSTRUMENTS LIMITED 


Dallas Road, Bedford. 








THE ENGLISH ELECTRIC VALVE COMPANY LIMITED 
Chelmsford Essex 
has a vacancy for a 
DEVELOPMENT ENGINEER PHYSICIST 
to undertake work on 
SPECIAL CATHODE RAY TUBES 


Applications are invited from professional engineers of approximately 
thirty years of age, who apart from qualifications of graduate status 
should be able to offer at least five years experience on similar or allied 
work in the valve industry. 


A commencing salary of up to £1,200 per annum is envisaged and 
assistance with removal expenses may be made available to the successful 
applicant. 


All replies should be addressed to Dept. CPS., Marconi House, 
336/7, Strand, London, W.C.2, quoting reference EEIS9SB. 








(JET) 


MICROWAVE 
ENGINEER 


(SENIOR) 


required with sound theoretical background and a practical approach 
to design problems in low power microwave techniques and aerial 
design over the metric and centimetric bands as applied to airborne 
components and equipments. 

Degree or H.N.C. in appropriate subjects with experience of working to 
Ministry specifications and procedures would be preferred. 

A non-contributory Pension Scheme is in operation and there is an 
active Sports and Social Club. 

Please apply to: 
Group Personnel Officer, 


J. LANGHAM THOMPSON LIMITED 
176, High Road, Bushey Heath, Herts. 








ELECTRO-MECHANICAL AND 
ELECTRONIC ENGINEERS 


* 
We are the leading Company in the 
development of miniature components 
and hearing aids. 
* 
We offer opportunities to Engineers to work in 
these interesting fields. 


Miniature component design offers scope for 
original thought and modern hearing aids use 
advanced techniques. 


We shall be one of the first industries using 
molecular circuits. 
Our work benefits mankind. 


Conditions of employment are good and we have 


a pension scheme. 
* 


For appointments from Junior to Senior levels 
write or phone: 

M. Cohen, Chief Engineer, 
ARDENTE ACOUSTIC LABORATORIES LTD. 
8/12 Minerva Road, North Acton, London, 
N.W.10. ELG. 3923 








INSTRUMENT TECHNICIAN 
required by 
A.W.R.E., ALDERMASTON, BERKSHIRE 


To be responsible for the testing and installation of instruments used 
for free flight field experiments, and to lead, as required, a small team 
performing this function in the field, having previously planned and 
devised the specialised checkout equipment. 


Applicants should have served a recognised engineering apprenticeship 
or have had equivalent training in electronics. Experience of miniature 
electronic equipment is essential and previous field experimental 
experience is desirable. Possession of an O.N.C. or similar qualification 
would be an advantage. 


SALARY: £925—£!,105 


Superannuation Scheme. A house, or substantial assistance with house 
purchase, will become available for married officers living beyond daily 
travelling distance. 


For application form send postcard (or letter) to the Senior Recruitment 
Officer at above address. Please quote reference A2568/42. 











MUIRHEAD & CO. LIMITED 
Precision Electrical instrument Makers 
Beckenham, Kent 


require 


DESIGN DRAUGHTSMAN 


for prototype work on a wide field of telegraphic and precision electronic 
instruments. H.N.C. standard. 


DEVELOPMENT ENGINEERS 


for interesting work on design and manufacture of synchros and small 
motors. Vacancies require: 

(a) Degree in Electrical Engineering or Physics. Industrial experience 

not essential, or 

(b) H.N.C. or O.N.C. with good electrical engineering background. 
Permanent positions offering excellent prospects of advancement. 
Pension Scheme. 
Please write giving full particulars of age and experience and 
stating position applied for, to the Personnel Manager. 
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ELECTRONIC COMPUTERS 


A number of interesting vacancies have arisen for Installation Engineers for work in connection with 
data transmission systems. The appointments call for a practical knowledge of pulse techniques and 
some experience with transistors would be a distinct advantage. The vacancies will be of particular 
interest to ex R.A.F. Ground Radar Fitters (c) and (R), Air Radar Fitters and Radar Mechanics of 


N.C.O. status. 


A vacancy also exists for a Supervisor to assist in proving the above equipment. A similar grade of 
technical knowledge is necessary but the vacancy would be suitable for a more senior man. Experience 


with A.I.S. or 1.£.M.E. would be valuable. 


Both grades will have the opportunity for travel in this country to the sites at which the 
equipment is to be installed. 


These appointments will carry salaries fully commensurate with experience, with the benefit of Staff 


Pension and Dependants Insurance Schemes. 


Forms of application can be obtained from: 


T. J. LUNT, Staff Manager, 
Ferranti Limited, Hollinwood, Lancs. 
Please quote ref: KLD 














ASSOCIATED AUTOMATION LTD. Hawker Siddeley Aviation 


A number of interesting vacancies exist with the A. V. ROE & CO. LIMITED 
Automation Accessories Division for Senior and ee. , ag 
Junior Development Engineers. Candidates should 


a e 
have at least two years’ experience in one or more of engineering 
the following subjects :— 
1. Light electro-mechanical engineering; resea rch 


. Computing electronics; e 6.9 
division 


. Computing accessory equipment; 


3 : : rhe above Division urgently requires 
. Coin counting machines; 


. Punched card equipment. TWO QUALIFIED ELECTRONIC ENGINEERS 


to join a team engaged on the design and development of specialised 
Attractive salaries will be offered to suitable candi- equipment Acceptable qualifications include a degree, H.N.C. or 
; : equivalent Experience in any of the following fields would be 


dates who should preferably have H.N.C. or a degree advantageous 
in engineering. Closed Loop Control Systems 
Data Processing Equipment 
Strain Gauge Instrumentation 
5 Vibration Test Equipment 
should be sent to the : Transistor Circuitry Design 
L.F. and D.C. Amplifier Design 


Application, giving details of qualifications and age, 


Employment Manager, 
Applications in writing quoting reference No. ERD/R.132/E should 


ASSOCIATED AUTOMATION LTD. be made so she: 
Personnel Manager, 


70, Dudden Hill Lane, Willesden, A. V. ROE & CO. LIMITED, 


London, N.W.10 Greengate, Middleton, Manchester 
NRA CSE ARN A ME STEERER RES oi SR 
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ULTRA 


DATA 
PROCESSING ENGINEERS 


Due to continued expansion there are further vacancies in the Research 
and Development Laboratories. Senior appointments are available for 
qualified and experienced Engineers who will be engaged on interesting 
and rewarding work 


RESEARCH 
EXPERIMENTAL LABORATORY 


Engineers for these appointments will be expected to show keen 
interest in problems associated with the fundamental aspect of the 
application of electronics to data processing systems and will be required 
to undertake theoretical and practical studies in this work. The pre- 
ferred age range is 25 to 35 years. Qualifications to honours degree 
standard in Physics, Maths or Engineering and experience of digital 
technique are desirable. 


DEVELOPMENT LABORATORY 


Engineers are required for senior posts to carry out detailed develop- 
ment of apparatus up to production stage. Qualifications up to engineer- 
ing degree standard together with experience in the industrial field 
are desirable. 


Salaries are not tied to a fixed scale, they will be commensurate with quali- 
fications and experience. The situations are permanent and progressive and 
the Company has an excellent Pension Life Assurance Scheme. 


Applicants are requested to write stating 
age, qualifications and experience to:— 


The Personnel Manager, 


ULTRA ELECTRONICS LTD. 


Western Avenue, Acton, W.3. 


K h ELECTRONICS LTD. 


RADAR DEVELOPMENT AND 
ENGINEERING DEPARTMENT 


vacancies for 


DEVELOPMENT ENGINEERS 


AT SOUTHEND-ON-SEA, ESSEX 


Ekco Electronics Ltd. is a leading company in both 
military and commercial applications of airborne 
radar equipment. Interesting new projects necessi- 
tate expansion of the design resources, and vacancies 
exist for qualified and experienced engineers with 
interests in the following fields: 


Microwave components, aerial systems, etc. Pulse 
and servo circuit techniques. Heat transfer problems. 


Certain of these posts are of Senior Engineer status, 
and will carry considerable responsibility. 


Applications to: 
Personnel Manager, EKCO ELECTRONICS LTD., 
SOUTHEND-ON-SEA, ESSEX. 











A SENIOR 
ELECTRONIC ENGINEER 


is required to take charge of the Laboratory of the 


ELECTRONICS INSTRUMENT DIVISION of 


an expanding group of companies. The division 
is situated in a country town about 30 miles from 
London. 


Applications are invited from highly qualified and 
experienced electronic engineers who are at present 
commanding a salary of not less than £1,600 per 
annum. 


Working conditions are good, and the post 
permanent and pensionable with excellent prospects 
for advancement. London is within easy reach 
and the journey takes approximately one hour. 


Please apply in writing giving full details of age 
and training and career to date to Box AC17809, 


SAMSON CLARKS, 
15/17, Marylebone Road, London, N.W.1. 











SALES ENGINEERS 


A well-established and progressive manufacturer of electronic 
control instruments seeks two Sales Engineers, one to cover 
a large territory around Manchester and the other for sales 
administration duties at the company’s head office near 
London. Products are widely advertised catalogue items 
and customers at home and abroad are mainly engineers and 
scientists in industry, research and education. The business 


is expanding rapidly and offers excellent prospects. 


Candidates must be 27-37 with works or laboratory experi- 
ence in electro-mechanical or electronic instruments manu- 
facture and proven technical sales ability in an appropriate 
field. Education"to H.N.C. standard is essential though for 
the Manchester post a degree or A.M.I.E.E. qualification 
is desirable. Starting salaries about £1,000, bonus and 
non-contributory pension schemes and, for the Manchester 


appointment, a car will be provided. 


Write briefly in strictest confidence: 
The Managing Director (WS.64) 
EXECUTIVE APPOINTMENTS LIMITED 
78 Wigmore Street, London, W.1. 
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Beckman’ instTRUMENTS LIMITED 


manufacturer of HELIPOT, the world’s foremost range of 
precision wire-wound potentiometers, announce an opening 
for a 


PRODUCT ENGINEER 
at their modern factory in GLENROTHES NEW TOWN. 
Applicants who are fully qualified in precision potentiometer 
design are invited to send a resume of their experience to: 


CHIEF ENGINEER, 
BECKMAN INSTRUMENTS LTD. 
GLENROTHES, FIFE, SCOTLAND. 


New Housing Accommodation to Rent can be arranged. 














22 268 for further details 


EE 22270 for further details 





Precision miniature conppe 


Cristal Microphones 

Miniature Volume Controls 

Small Transformers and Torolda™?*ansse 

Plug Sockets for miniature tubes and transistors 
Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 











EE 22271 for further details 





TELEPRINTERS, 
PERFORATORS, 
REPERFORATORS, 
TAPE READERS 


Terminals and V.F. Telegraph multi-channel units; Test 
Frames and Test Equipment Telephone Carriers and Re- 
peaters; Signalling Rectifiers and Relays, Transformers, 
Transmit and Receive Filters; Repeating and Retardation 
Coils; Racks, Relay Bases, Uniselectors, Remote Control 
Transmitters, British, American, and German Equipment. 


BATEY & CO., GAIETY WORKS, 
Akeman Street, Tring, Herts. 


Tel.: TRING 2183 and 2310 








PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 

108) now available. Covers 

small and medium solid core 

types including new types 

45, 35, 36 and 37 

SEND FOR YOUR COPY 
NOW 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 


Quick Delivery— 
Solenoids are normally 
despatched same day as receipt 
of order 














Jackson Brothers Butterfly Vane 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 
0.015 in. air gap (each half ) and 
up to 18 P.F. with 0.045 in. air 
gap ‘each half) 


NEW 


RANGE OF 


TRIMMERS 


WY 
a 


It’s reliable... 
if it is made by 


JACKS ON 
“" PROS. 


(AZ (LONDON) LTD 


C701 /709 


Jackson Brothers Trimmer, 
type C701/709. Differential 
Condensers with capacities of 
up to 150 P.F. with 0.015 in. air 
gap (each half) and up to 30 
P.F. with 0.045 in. air gap 
(each half). 


“ae 
WW) 


KINGSWAY-WADDON - SURREY Telephone Croydon 2754/5 
EE 22 269 for further details 
JUNE 1960 





For the best transformers— 
and the best service— 





‘phone EL Moridoe 


oy 





Higher quality workmanship, 25 years’ 
experience and a reputation for reliability— 
these are the features of the Partridge Trans- 
former Service. A comprehensive range of 
types, mounting styles and — is at 
your disposal, and one of our Engineers can be 
at your desk within a few hours to discuss 
requirements if you need prototypes. 


Telephone now 


= 
A 


Sole U.S. Rep. 
. Swedgai, 


™ 

(A, 258 Broadway, 
New York 7, N.Y. 
Tel. Worth 2-5485 


PARTRIDGE TRANSFORMERS LTD. 
ROEBUCK ROAD, CHESSINGTON 
SURREY 
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EE 22273 for further details 


DEEPER 
PENETRATION 


HIGH VACUUM IMPREGNATION 
OF ELECTRONIC 


and 
ELEGTRIGAL COMPONENTS 


A specially constructed plant for the 
processing of experimental insulation 
assemblies and the investigation of 
pm : an vacuum drying of insulations at 
A complete “ Speedivac j pressures of 0.1 torr and below. 
impregnation and oil degassing | 
plant comprising, on the lower 
a ry ve eack pumpes id 
pumped by 9B3 
to — 
ocessing in the micron ran, 
‘acuum measuring is provi di 
by thermal dptnven 4 type gauges 
le cabinets 
with oeserding equipment. 
The upper floor contains 
tne 4 and secondary oil 
8, also 
on d by D hy 
pumps to ensure complete 
degassing of the product. 
¢ tographs by courtesy of m a 
The United Kingdom Atomic , Processing under high vacuum 





* Torr mm Hg 
(BF 2951/1958) 
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Energy Authority). 
conditions provides the most 


thorough drying possible. 
Impregnation is considerably 
improved as a lower moisture 
content is achieved and there- 
fore deeper penetration of the 


impregnating solutions. 


Edwards plant is fitted with 
both rotary and vapour booster 
pumps which provide excep- 
tionally high pumping speeds 
over the pressure range re- 


quired for impregnation. 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley /500 
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MORE PERMANENT CAPITAL 
IS WHAT YOU NEED — 


to finance new equipment, plant, machinery and buildings for 


your expansion and progress 


Capital for this purpose is provided 
both in the form of long term loans and share capital by 


gigs, 
ICFC) 


— 


Write for the Annual Report (illustrated with progressive cormpanies 
i } h 
financed by ICFC) and the booklet ‘Capital for Business’ 


& COMMERCIAL FINANCE CORPORATION LTD 


Shareholders: the English and Scottish Banks 


INDUSTRIAL 


HEAD OFFICE: 7 Drapers’ Gardens, London EC2 Telephone: National 8621/5 


and Branches in Birmingham, Leicester, Manchester, Leeds and in Edinburgh 
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3” Flat faced tube at 
Size 9” = 6}” x 13’ 


Weight 20 Ibs. 


=i 


A NEW OSCILLOSCOPE FOR R. & D. 


with high performance at low price. 





@ Wide Band Amplifier D.C.—6 Mc/S (3 db) 
sensitivity 100 mV/cm. 


1.4 KV. 








@ Wide Range Time-Base |.S/cm.—0.5 S/cm. 
VERNIER permits continuous adjustment of Sweep Time. 


@ Time and Voltage Calibration + 5%. 
Continuous expansion gives 60 cm. trace length. 


@ Versatile Rock-Steady Syns. circuit. 
Triggered, Repetitive or Auto. Internal or External. 
Trigger Level selection. 


@ Long Term Reliability. 
ensured by efficient ventilation. 


@ Circular Polarising Filter 
greatly improves contrast. 


Send for full technical leaflet or see us at |.£.A. Exhibition, Olympia—Stand M. 550. 





WAVEFORMS LIMITED, Radar Works, Wallisdown, Bournemouth, Hants. 


Telephone ; Winton 6606/7 
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This 3-gang assembly, Type 50-BMG3, 
will control 22-5 kVA, 3-phase or 
single-phase according to connection. 
Larger assemblies can be made. 


ariac 


Regd. Trademark 


wm Duratrak ™ 


es THE MOST USEFUL DEVICE KNOWN 
ed ; 
a FOR THE CONTROL OF AC VOLTAGE 


% 


VARIAC is the original continuously-adjustable auto-trans- 
former, providing a smoothly variable output from zero to line 
voltage and above. 


VARIACS are available in a very wide range of models from 
small units for laboratory and instrument use to large ganged 
assemblies for three-phase power. 


od ‘ VARIACS are available open or covered, as single units or 


| ganged assemblies, for manual operation or motor-driven. 


~ 


The range includes portable, 
metalclad and oil-immersed 
models, dual-output types, 
high-frequency types and 
many ‘specials’. 

Write for complete 
information. 
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* Duratrak ? —— | eo 


Type V-SHMTF., provides 
an output of 0-270 V,2 A, 


AERA HA A 


Duratrak (Regd. Trademark) 

—a patented* feature exclusive to Variac —is a 

special plated contact surface giving longer from 240 V 50 c/s mains 

life, increased overload and surge capacity and A still smaller model, 

maximum economy in maintenance. Duratrak is now oe Type V-3H is 

standard on all models except Series 50. rated atl A 
* UK. Pat. No. 693406 


onty VARIAC was DURATRAK 


Dlaude Lyons Mt. & 


Valley Works - Hoddesdon - Herts - Telephone: Hoddesdon 4541 (6 lines) 
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